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1o INTRODUCTION

lhia Cocument wars prepared to compile an abbreviated - : frelgn
information useful to the preliminery or conceptual design €. e I intent
ic not to present methods with which an engineer can desiga et.octurnl {nterface i
Joints on miasiles, but to nssemt.le in one document, a crocs-section of state-
of-the-art designe.

It {8 recognized that & design engineer can arrive at a fearible deeign
of a missile Jjoint with no assistance. Howevrr, this talkec a certain amouqt of
time depending on the type of Joint and {ts use. The enginecer must investigate

the loads, environment, cost, etc.. or else he must initiste a literature search

ONt Y

to see whet similar jtoint has been used sucressfully in the pest. With this

document a designer will te able to select a feasible, proven joint design using

i AATERIAY

t4S

. only gronss loade and environment deta. This is usually sufflcient for prelimi-

nary or concentual design work since loads and environment data are usually

TYPSWk'TT

e

estimatec at this inge.

The format of the document has teen prepnred to facilitate this task as

USE F0

much as ponesible. For each Joiﬁt a sketcl. ig given with dimensione {f possible,
the loads to which the joint is dezigned and the environment tc which the joint
will Le subjected are summArized. Also, a short written description and project
uge ig provided to give information on what tvpe of use the joint might be appli-
cable. Finally references are statcd, if available, which will allow the design-
er to search for additional detail naterial,

Comparative data are nrovided in the tablee of Appendix I for joints

ot ¢

intended ae alternatives for a narticular applicntion.
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2.C PAYLOAD STAGE JOINTS ;
5

Tris sectinon covern e oo e of grrnete ol dnints desned to (1) g

h

attach tle payloud to the vooster, (2) sepurute the payload from its booster, 4

(3) sttueh the payload's uucent cover to the payloud or Looster and (4)

geparnte tre uscent coveyr in fiight. i

Figure Z-1 schemmtically shows the typicul lacation of the fcur

tyrves of joints on a payload stage. It should be referred to as a guide to
& specitic type of Joint. It is not intended thal a siven application require
all of the inuicnted Joints or thut they be lieated as showr. For example,
. certnin uscent covers huve 'uuver-the-top" rewoval und hence huve no longi-
tudinel separation joint. Or, sepuration wiu msscubly Joints may be inte;rated
into one stractural Joint. For clarity, «ll joints are shown here 4s sepurate

z iteus rar rererence on Fiure <=1,

.

2. ASSEMBLY JOINTE

Trhese [oints sc.ve to provide field nttuch.ent of the piyloaa Lo

the pooster or tre uwuscent cover (9 the tooster. The joint iy or muiy 1ot he
irtesral with the seprawmtion Joint. If it is, a cross reference to *hat

particular joint in fection 2.2 lg nr e.

Sabd PAYLUAL AECEMBLY JOINTS
These Joints ire chown ou Flgure z-1 L3 ve located on a “payloua

wiapter,” wepleted us o frustruwia of u cnonue. This is typlcul of satellite

mivioeds on 8pnice boosters und i8 generslly upplicuble L0 cuses where the

e SRR ek

pavload Las w ditferernt dianeter.thun the Louster . Wuiere dinneters ure

15300 e R

romiually the swme, the puyload may be attachec Jirectly to tie booster und

this Joint muy be quite siwilar in sppeurance to booster interstuye Jointe.

4
iy

Botl, types are chown in this cection.
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€ SEPARATION JOINTS

The sepuration joints described in this section provide inflight

relense of the puyload or the ascent cover from the missile. The Jjoints
wuy he part of integral joints combining the imnction of ussembly und release,
in vhich cuse n cross reference to ASSEMBLY JOINTS, Section 2.1 will normally

he nace,

2.0 PAYLOAD SEPARATION JOINTS

These jolnts ure commonly locuted us stown in Figure 2«1 or at the
booster iuterface. Both types will be showr here. In some cuses, additional
mechaninme (8;rin-s, orinance thrusters, etc.) ure used {0r sepnrution impulse.
These will not Le aiscussed in this document and mentiorn will be made only

when necessary to show cleurunce or functionul ussociution with the Joint.

A1
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20 ASCENT COVER SEPARATION JOINTS

Two types of Joints are indleatea In Firure 2-1, the circumfurentiul
wrd the lonpitudipul Joint. ‘'The longitudinul Joint is not ulways used,
depending on the moce of nscent cover deployment. Both types of device are

shown in this sectiosn., Comeents of asection .., PAYLOUAD SEPARATION JOINTS.

nleo upply Lerve.

2.2.2.1  NOSE CONE SEPARMTION JOINT (FIO. ¢.2.i-1)

This etull 1 of u Joint used to sepurate the nose cone of the
HIBEX missile und thereby provide a high drag blunt nose exposure to the uir

St euwn.,

+

The Jodnt is un uncomplicated desivn similay in many respects to u
tubrieution Joint « twd ukins are butted torether anu bolted uising Lolts and
nut plates. The separation is dore with a linear shuped churge which expends
ity ererpy primuaily in one uirection, in this cuse outwara, to cut the nose
cone sdin. This {mpulse is eufficient to muke the physical break but not to
effect total separution. To deo this, a us ygererator and thruster is used

to "Llow" the two pleces apart.

For additional detulls of the oranunce useua, >eter to section 5.1.
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2.0 BOOSTER STAGE JUINTS

This section includes the vuriely of structural jointe desiyned to
(1) enuble the usuembly und disussembly of missile ségments for purposes of
mannlucture, tranaportation and ruintenance in the field-and (2) enuble the

sla  in, separation necessary tor the missile's mission flight protile,

Flioure 3j«1 scheastically shows the typlcal losation of the joints
on u migsile Looster seqnent and interstuje. This is representative of any
stave, It 1s not intended that & piven application require all of the indicated
Joints or thut they be locited us shown. a8 an example, an inflicht separation
function and i fleld Jjoint nmay re inteérnted into 4 single structural joirnt.

For clurity, ull Joints are indicuated as separate items on Figure 3-1.

3.0 ASSEMBLY JOINTS

The ~#3sembly Joints described in tris section are those used to
connect se;ments o1 the booster to euch oither, through interstages or not.
Thie comiectior mi. ht be rurel; & shop fabricatiovn assembly or it mi;ht bpe
& field operation cone aany times. The joints muy be integral Jolints us in

mylouc stages, If so0, cross rererencing s done.

2101 INTERSTAGE OR BCOSTER ADAPTERS

This section covers the aussembly Jolnts made between one booster
stape unid another, usually through an interstage. The Joints are ucually
referred to as "adapter ringe" and commonly form the interface between two
menutecturers. These rings miy be purely ussecbly or may be integrated with
4 separntion Jjoirt 1f the location is one where stuping is desirauble. Both

LYpes ure coverea here.

SHEET 2

UL 1997 tasg SF ., 8 Fy

e =t o™~
g
—~




P ity
I SRR I LA L kAR A i

NUM ER D2 12311
TH& '”””G COMPANY REV LrR

BOOSTER 'STAGE

/ ASSEMBLY JOINT
FIG. 3.1.1-1 TO

» / FIG, 2.1.1-

g A iy SEPARATION JOINT

i ‘j t FIG. 3.2.2-1 TO

é FIG. 3.2.7-

=

£ | SEPARATION JOINT

> | FI5, 3.2.1-1 T0 !

FIG. 3.7.1-

2 ASSEMBLY JOINT

I FIG.3.1.2-1 T0 ;

Q e FIG.3.1.7-

s ™ ASSEMBLY JOINT
FIG. 3.1.1-1 TO

g BOOSTFR STAGE _______\ ! FIG. 3.1.1-

§ /—\ :

o \_/\\_/

o

2

RNONGTEE STAGE JNOINT INDEX

FISIF 3-1

U3 4802 1433 REV. 665 SHEET 9




INUABER

v... EVEVEING @ . .. RO

PR Y

be!

e e B b T 1 e T

3.1.1.1  Interstuge Adupter Assembly Joint (Fig. 3.1.1-1)

This " Joint detull is u section through « circumferentinl joint
used on the Minuteman missile. The dimensions ziven are typical of the
Stige 1 - Stage 2 interstage us are tue diumeter und cross section aren. The

rin;'s characteristic uhape 15 also typicul of the Stape 2 « Stage 3 interstage

on Minuteran. For reference, the numbers in p.renthesils pertain to that ring.

The ring; is a dual purpose Joint. It permits both field assembly

anc fabricatiocn nssembly in the shop. It also functions as an inflight

separation joins (Ref. Section 3.2.1.1).

Two boli circles are provided in the Jjoint, both to be used with
bolt-rnt plate comointiong., The lower holts ure primrily fabrication fasteners
and ave bucked with stuandarce nuiplutes. The upper bolts uwre for fleld assembly
and disussembly aund are bacded with floutin, nutplutes. Cork pluys are

commonly used to replace insulation removed during disussembly.

Structurally, the main orunance cariy.:u; ring {8 not the primary
load carryin, member. Compression loads ure reacted by a bultin, together of

the interstuye sxins, tension loude by the tension tie. The Jjoint ie designed

to reuact unll boost Tlight loads as well ws silo overpressure.

3.1.1.2  Interstape Adupter Assembly Joint (Fi.. 3.1.1-0)

This Joini is designed for assembly of un interstage (or other
structure such us 1 test modnule) on top of a booster stave. The ussembly
operution may be done in the manutucturing facility or the field. The ring
is typlecal of thut used on the Minuteman program to Jjoin the Autonetics

Guidunce anc Control wodule to the third booster stape.

I
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, The ring itself is riveted to the interstage structure and forms

an integrel component. The aaseﬁbly operation is done then by'means of the
bolts and nutplates shown. Nuts may be used instead of nutplstes, depending
on the accessibtility and “dropped-nut" considerations. Cork plugs are commonly

uced to replace any insulation removed during disassembly.

The Joint 15 designed to retain its structural integrity throughout

voost flight loads and siloc overpressures.

3.1.1.3 STAGE "0 STAGE ASSEMBLY JOINT (FIG., 3.1.1-3)

This detail is a section through a circumferential joint used on

the HiREX Missile. It is used to assemble the upper stage instrumentation

TN

package to the booster. The assembly operation could take place either in

the fabrication fucility or a mumnitions field facility.

&1z
&

The ring is riveted to the lower missile stage, which is made of
fiberglass in this applicatian. The upper stage is attached with bolt-nutplate

combinations. The Jjoint is designed to resist extremely high boost acceleration

%
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. 30102 MIDBODY OR MID-INTERSTAGE RINGS
These joints are almost entirely used integraliy with a staging
separation Joint. Their purpose is to assemble the staged segments, usually

in a fabrication environment.

SR e e A

3.1.2.0 Issooctage Assently Joint (Fig. 3.1.2-1)

This Joint detail 1s a section through a circumferential Jjoint used
on the Minuteman missile. The dimensions given ure typlical of the Stage 1 =

Stage 2 interstuaye. )

The ring is & dusl purpose Joint. It permits both field assembly

: and iabrication ussembly in the shop. It also functions as an intlight
g stu,.ing joint (Ref. Section 3.2.1.2).
. :
‘; " Two bol!l cireles ure provided in the joint, voth to be use: with
é boitenut plute combinations. The lower bolts are nrisurily fubricution faeteners
-
. und are bucsed vith standurd nuts. The upper bolis ure ulso rabrication

assemhly {asteners bat ure backed with flouting nutplutes,

Structurally, the aain ordnance carryilis ring is not the primry
load carryin. wenber. Compression louds ure reacted by u butting torether of
tie interstave skins, tensiorn loads by the tension tie. The Jjoint is desiyned

to react all boost flipght iowds as well uo silo overpressures,

3.1.2.2  Interstoyve Astembly Joint (Fig., 3.1.2-2)

This loint detail is a sectlon through u circumferenticl Joint used
v

an the Mirutemun missile. The aimenstons gliven are typlcul of the Stayge 2 -

Stage 3 interstiape.
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SEFARATION JUINTS

Describea in this section aie the vuriety ofr jointu desipgred to
provide inflight stuging of v mlasile booster. Thiv 1s the mechunism which
sepurutes a burne! out wotor irom the remdning "live" boouter stuges. It also
myy sepurate an interataye structure fron un associnted motor cane. A8 in
moat of the other Jolnta deservibed in this document, these Joints may be purt
ol intrgral Joinue conbining cther tunctions. When this ie the case, eross

re/erencin:: to uppraprinte sections will be mude,

3240 STAGINC RINGG

These rings junction to efther "atu.e" an expended booster seyment
from an utexrended one or Lo sepurute ur {ntersture from a booster. Figure 3«1
showe typlenl locutlions tor thie type of Joiut. In some {nstunces they are
ugen [roconfunction with longltndinul joints o sepurate und seguent an intere

v

guyre. This 18 coverv:: ln more detail in Section 3..7.0.

el Interstape Adupter Booster Skirt Removal Joint (Fig., _oteivl)

i R S

This loint aetall 1s & sectinn through a clrcusferential Joint used

on Lhe Minulerar wmissile. Tre dimensions given ure typictl ot the Staje 1 -

Stuge 2 Lnterstiv e as are the diameter und cross section aren. The ring's

clurncteristic shape ir ulso julte typlcul of the Stage 2 - Stage 3 interstage

o B B S S

on Minuterun. For reference, Lhe numbers in parenthesls pertaln to thut ring.

The ring is 8 duul purpose Joint. It provides the inflight interstuge

skirt removal furetion, workin. in conjunction with the longitudinul Joint

deserived in Section 3..0..2.1. It ulso functions us a fleld assenbly Joint

(Ref. Section 3.1.1.1).

.
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The separation impulse to provide the required function comes
irom u linear explosive charge. The ring is deslyned Lo contain any particle
fraguentation from this charge. This funetion is enhunced by the use of a
rabber=like rateriul, PR-121C (BMS 5«52 ) which can contain small frapner s,
The primary tunction of the materiul however is to absorb nuch of the shoeck of the

explosion.

Structurally, the mudn ordnance currying ring is not the primary load
curryin. wember. Conmpression loads urc revcted by u butting together of the
stiere sikdns, tension londs by the tersion tie. The Joint 1s designed to react

nll boost rlight louds ms well e silo overpressures,

[

For udditiornal netails on the ordnunce used in this joint, refer to

Section ».1.

.1.2  Booster Zuuging Joint (Fi . 2.1.2-1,

P o

Lo
.
o

This Jjoint dewail is a section thirough a circumferentiul joint used
on tre Minutenur, missite, The dimersions glvern arve iypleal of the Stuge 1 «

Stope 2 Lnterstace.

The rin; is 4 dual purpcee Joint. It zrovides the inflight booster
stagin, function, sepurating the upper stuye from the expenced stage. It also

funations as ar ussembly joint (Ret. 3.1.2.1).

The separation impulsce to provide the reyuived functlorn cores from
# linear explosive charge. The ring is cesigned to contain any purticle fragmentaé
tion from this charge by the use of a rubber-like materil, PR=-1310 (BMS S5-62)
which can contain small fragments. The primary function o1 the materiul however

s

is to abeorbe much »f the shocic of the explosion.

SHit? 20
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Structurally, the miin ordmance carrying ripg is not the primmry
load carrying member. Compréssion loads ure reucted by a butting together
0f the stage skins, tenslion loads by the tension tie. The Joint is designed

to react 111l boost {lirht loals us well as £ilo overpressures.

For additionul detuils on the ordrnance used in this Jjoint, refer to

Section 5.1,

3.2.1.3  Booster Ctaging Joint (Fij. 5.i.0-5) (
This Joint detuil is a4 section throwyh a circunferential joint
used on tre Minuteman missile. The dimensions glven ure typical of the

Sta,e 2 « Stuge 3 interstage.

Tre ring is u duul purpose joint. It provicestihe inflipht booster
Staving tunection, separutin. the upper stuye from the expenceu stuge. It

ulso functions.us un asserbly joint (Ref. 3.1..2.2).

The sepuration impulse to provide the regquireu function comes from

USE FOR TYPENRITTIN MATERIAL ONLY

a Jincuar explosive charge. The ring is resignes to contuln any partical

fruzmentat lon from this chuarce by the use ol a rubberelike materinl, PR=-1910
(BMS 5-62) which cun conbuin small t~ugments. The primary function of the

miterisnl however is to «bsorb much ot the shocx of Lhe explosion.

Structurally, the main ordmance carrying ring is not the primury
Load carrying member. Compression loaas are reacted by a butting topgether
of the stage nking, tensiorn louds by the tension tie. The joint is designed to

recct all boost fli.ht lou.s as well as silo overpressures.

For acditional detnile nn *he ordnance used in thiis joint, refer to Section 5.1.

-
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3.2.1.4  BOOSTER SEPARATION JOINT (FIG, 3.2,1-4)

This detail is a section through a circurferential Joint used on-
the HiBEX Missile. It functions to separate the lower (booster) stage from

the upper (instrumentaﬁion package) stage during flight.

The Joint primarily consists of a circumferential retainer ring bolted
to the inside of the fiberglass skirt. The ring contains a linear shaped charge
designed to direct its energy in an outward direction and thereby sevef the
fiberglass skirt circquerentially. The retainer ring is not designed to
react any loads. It is massive enough however to absorb shock from the

explosive charge.

oNLY

For additional details on the ordnance usei in this Joint, refer to

Section %.1.%,

ot
<
x
G
r
4
3
P4
-i
"
*
s 4
z
G
>
-
i
to)
“
wi
s
jov]

A ————-

SHEET  »g




[
W8

s BDEING oumivn

UPPER STAGE -

SEPARATION
PLARE

|

B B A e . . R P .
- . S e T B . ~ . . X T e e 1oy
o EERE e L A PR S

——— LOWER STAGE (FIBERGLASS)!

BOOSTER SEPARATION JOINT

i

é
E
9
l
:
:
:
2
:
3
3]
¥

DSGIGN LOAD

AVERAGE DIAMETER

CROSS SECT. AREA

MATERIAL FIBERGLASS

HiBEX PROGRAM ING 2939210

FIGURE 3.1.1-3

ineadibi 3 i




: | NUMBER L - e d = |
Trie ””fl”” OB ANY ) ' REV L”\

3.2.2 LONGITUDINAL JOINTS 5
These Joints are used to separate an interstuge or otler missile -

segment into = number of sections for removal from the booster in flight.

‘They are 1oxxgitudimi rather than circumferential aund usually function with

a circumterentisl Joint (Ref. Fig. 3~1 and Section 3.2.1).

B LA M D L A N Kt il A

No distinction 1s mace in thls section between separation and
assenbly Joints. These Jjolnts have one primury function whicl, is sepuration.
They must be assemtled, of course, Lut this is differentiated from the
assembly Joints discussed elsevliere since they are used to assemble missile
>
-4
z sections, not joinus. ‘ 8
¥ ;
v 3.2.¢.1 Interstage Longituainal Joint (Fis. 3.72.2=1)
=
: This joint 1s typlcal of those used on the Minuteman missile
o ;
F to split both the Stuwe 1 - Stuge 2 ané the Stage & and Stage 3 interstage. i
W P
o ;
* :
. It is used in conjunction with the nircumferentiul separation joint discusseu
o 3
;, in Bection 3.J.1.1. The uimenslion® given are the sume a8 both interstages,
S #
the only difference being the Joint lenyth. Numbers in purenthesis pertuln
to the Stage 2 and Stage 3 interstage. j
i
The Joint works siaultunconsly with the skirt removul Joint which %
£

separ . ces the sxirt frow lhe upper booster stage. At the sume tipe, the skirt
is split into four sections, etfecting both the axial removal {romthe path
of flisht, and the radial removal for clewrance. Tre separution impulse
providing this function comes from & lineur explosive churge. The ring is
desivned to contain uny particle !ragmentution with the rurber-lige material,

PP=-1510 (BM3 S=-(2).

)
-
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The riny 18 designed to retuln all structural inte. rity throupghout

11 -ht loude and silo overpress.ures.

For additionul letails on the ordnance used in this joint, refer

to Section H.1.

+
SR
%
%
.
L - e eees. e o s e

L3 o4nn) 1438 R, , QRS




FITTING o
TENSION TIE . : - R
FILLER 1B A7 .0 063

INTERSTAGE SKIN

i
E. __j&.%
BN S S S OSSNSO SNSKSSSSAN

, LINEAR EXPLOSIVE

CORK , INTERSTAGE LONGITUDINAL' JOINT

PR-1910 = | R
. . ’ m S ': 3 )
} : ' B st 4.
1 - 2 INTRRSTAGE ,
DESIGN LOAD 3000 #/I4. TEN-ION (SPAGING PRESSUPRE)

:
3
:
:
Fat
9
|
9
g
:
2
2
:
g
A 1

AVERAGE DIAMETER - (N.A.) AVERAGE LENGTH - L42.2 IN. (23.2 IN.)
CROSS SECT. AREA -  .6L41 SQ.IN.

MATERIAL 2024 AL,

FIGURE 3.2.2-]
MINUTEMAN ENGINEERING NG :




USE FOR TYPEWRITTEN MATERIAL ONLY

NUMBER D78 A T -
rvdg ﬂ”‘lﬂa comeany REV LTR

k. SMALL MIGSILE JOINTS

To facilitate the task of the designer whose joint concept application
is limited tou the non-strategic missiles, thils sectioh is restricted to goint
designs for missiles of kQ inch diameter or less.

Because 8¢ much of the total effort of missile design involves this size
range, this section permits the designer to investigate joint concepts related by
design loads, function and environmental considerations similar to his own re-
quirements exclusive of the larger stirategic vehicles.

A look in greater depth than usual, is taken at the Joints used on
AGM-(09A, both because it represents current developments in the state-of-the-art
and because i provides an overall picture of an approach to joint design as
applied to a particular vehicle.

Supplementing the AGM-69A concepts, are representative Joints used on
other tactical and research missiles.

4.1 AGM-69A JOINT DESIGN

The AGM-6YA was configured into four sections to facilitate manufacture,
assembly and maintenance. These sections are the Payload, Guidance, Propulsion
and Control sections (Reference Figurc 4.1).

h,1.1 THE PAYLOAD SECTION

This section, of monocogue construction, 1s provided a circumferential
ring at each of three separation joints. TIts structural parts are:

1. Impact Fuse Body

2. Forward Nose Shell

3. Varhead Section
4.1.1.4 IMPACT FUSE BODY JOINT (Figure 4.1.1-1)

The Impact Fuse Body interfoces with the Forward Nose Shell. The aft
end of the fuse body has external interrupted threads to permit installaticn =nd

removal {rom the Forward Nose Shell by roteting the impact fuse a quarter turn.

SHEEY 27
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4,1.1.1 (Continued)

- Riveted to the forward end of the Forwvard Nose Shell is a steel ring designed to
accept the impact fune interrupted threads. The ring is assembled to the shell
using a sealant on the fayinzg surfaces and raotongd wilth monel rivﬁ.‘u installad
' using a wet primer. A nylon insert is installed in a longitudinal groove in the
ateel ring for locking the impact fuse,

The Joint is aeu.léd by means of a synthetic rubber O-ring located in an
annular groove provided at the base of the fuse body. Muge body is torqued to

99 to 1L0 inch pounds.

USE FOR YYPEWRITTEN MATERIAL ONLY
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NUMBER 1. L &l V=1

(@ Impact Fuse Body
) (20A11411-130-11)
U:t\)l"ront Nose Ring Insert
(26A135 30=101-11)
{ b) "0" Ring
:c: ) Radar Absorber
h (25A24020)
(7) Forvard Nose Section Ring
(20A17199-101-11)

LN
\

\\8) Collaxr, Thermal Nose Cap
(20AL 3565-201-11)
' 9‘) Sealant

-t
3\1‘0) External Insulation

Thil 'a’,”, COMBPANY REV LTR
A. PART NAME/NUMBER MATERTAL
(1) ghell, Nose Section 2024-0 Aluminum
Qa-A-250/4
(25A28299-101-11) H.P. -T62
-«\Q Monel Rivet (8 places) NS 20427 NS

2024-Th Aluminum

General Purpose Nylon 6/6
Per l-P-410

MS 28775-140

Radar Absorber

STB 8-140

4330M, MIL-S-8699
Normalized & Tempered
R.H. C33 MAX

H.T. 160-1.80 Ksi
Reinforced Phenolic Molding
BMS $-T2

MIL-5-8802 or BMS 5-4k4
73-078 silicone Rubber

W/T% Quartz Nicro Crystals
Dow~-Corning; Corp.

Table 4.1-1
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4.1.1.2 BALIAST SUPPORT BULKHEAD JOINT (Fig. 4.1.1-2)

To the inside of the forward flange of the circumferential Forward
Warhead Ring is bolted the Ballast Support Bulkhead Ring. Three 1/4 inch -
diameter shear bolis are assembled through the ballast and warhead bulkhead
flanges only, and fifteen are assembled through the nose section shell as well.

Nut plates are riveted to the inside of the ballast support bulkhead ring to

receive these bolts. About the outside surface of the aft flange of the Forward
Warhead Ringz, is riveted the Warhead Section Shell using 24 monel rivets.
Access to the eighteen bolt fasteners is provided by a plug in th& silicone

insulation over the bolt heads. .

GHEET 3%
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Scale:
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For Design Considerations & Matcrials
Data see Tuble L.Ll-g

BALLAST SUYPORT BULKHEAD JOINT

> References: AGM-“9A Progr
D2 AGMR0151-1, Para. 4.2.3

Figure L.1.1-2

U3 4802 1433 REV. 6/68 SHEET 32




-

USE FOR TYPEWRITTEN MATERIAL ONLY

T ’”E’”E COMPANY

NUMBER DY -1 1.t Q1 | =\

REV LIR

MATERIALS
( 1 )shell, Warhead Section

@ Rivet (24 places)
Q) Ring, Fwd Warhead Section,

Stetion 34.70
(25A29548)

5 100° Reduced Head 1/4"Bolt

& nut plate
k 9 Rivet

(7\ Ring, Ballast Support
- Bulkiieud .

' 8} Shell, Ncse Section
-7 (25428299-101-11)

\ ﬂ Sealan®

v"“"(

10 ) silicone Insulation
" (P/N %o be added)

Pll) Sealant

ducing the following ultimate shell loads:
a. 4,350 lvs t ansverse shear

b. 52,500 inen pounds bending moment

c. 150 in-lb torsion moment

d. 30.0 psl max external pressure

e. Desi;mn temp. 260° F.

(> -5, 15 Req'd (Trough 3 , 7 & 8)

-5, 3 Req'd (Thrcugh 3 & T only)

2024-0 Aluminum
QQ=A-250/h

K.T. -T2

MS 204-27MG
TOT5-T73 Aluminum
BMS 7-186 Class III
MS 20426D3

BAC B3OELA4
NAS 10644k

MS 20426p3, 2017-Th

AISI 102G, Cold Rolled
Annealed MIL~S-T7952

2024«0 Aluminum
QQ-A-250/L

H-T- "TD?

Lecobond 211

93-078 silicone Rubber
W/T% Quartz Micro'Crystals
Dow Corning Corp.

MII-5-8802 or BMSS-hi

B. Desizn Consideration - Nose Shell sized by missile ejection conditicn pro-

Table 4.1-2
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4.1.1.3  DOUBLE TAPRRED SPLINE JOINT (FPigure 4.1.1-3)

This Jjoint was designod to support the warhcad and to mechanically
interface with the missile at the forward end of the eclectronics section by means
of a quick disconnect Joint., The Joint carries the loads associated with support-
ing the aft end of the warhead. In addition it valinties the design considera-
tions shown on Figure 4.1.1-3,

This jJoint configuralion uses internal involute splines to transfer

shear and torsion loads to malching cxternal involute splines of the forward
Electronies Section., Axial louds are transferred by removable circumferential
splines whicﬂ sest themwselves in an annular groove formed after the Payloed
Section 1s jolned to the Elecctronics Gectlon. These removable splines are
instelled throush an aperture provided in the aft steel ring at wzimuth 45 degrees
An arrangement is provided for indexinsg one spline and the other is driven into
position using an axial force of 100 lbs. To prevent spline backup, a tang on

the spline cover plate enssie. thie transverse serulion provided at tie end of

the spline. The spline access cover plate is Lolted to the forward Electronics

e TR

Section Ring by a single A-280 bolt. An 0-Ring in the aft Warhead Section Ring

USE FOR TYPEWRITTEN MATERIAL ONLY

forms un environmental seal afer the Payload Section is combined with the

Electronies Section.
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For Desisn and Materials Data
See Tuble h.1-3

DOUBLE TAPERED SPLINE JOINT

AGM=5UA Prosrem
DI AGMYCY' Tk

Reference:
Para. 4.2.1.2

Firure 4.1.1-3
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A. PART NAME/NUMBER ‘ MATERTALS
kg Electronics Section Shell Steel
' 4330 M, MI1~-8-8699

H.T. 160-189 Ksi

\2) Involute Splines (Part of 5 )

5) Double Tapered Splines (2) Steel
- h130 MIL-S-18729 Normalized
H.T. 135-1L5 Kpsi
\Il-) "0" Ring Silicone Rubber y,
‘5 . Aft Warhead Section Ring Steel "

4330 M, MII~-S-8699
H.T. 160-180 Ksi

6 ] Monel Rivet (67 places) MS 2042TM6

) sealant MIL-5-8802 or BMS 5-Lk

. 8 ° Shell, Warhead Section Aluminum

= 202k=0, Q=-A=250/U
HvT' "TDE

: 9\‘} Plate, Racewny Extension Aluminum

2024-Th, QQ-A-250,11
10 Monel Rivet
11  External Insulation 93-C78 Silicone Rubber

W,/7% Quartz Micro-crystals
Dow-Corning Corp.

USE FOR TYPEWRITTEN MATERIAL ONLY

B. DESIGN QONDITIONS

a. Transfer 270 K in-1b ultimate body bending load, 10 K 1b
ultimote transverse ghear load, and 700 in-1b ultimate torsion load.

b. Design temperature for (a.) is 250° F.

¢. Joint to have Payload Section interchange capebility within 30 minudes i
while missile i1s in carrier rack.

d. Minimized surface steps and 8ps to satisfy rodar cross section and
aerodynamics requirements.

e. Desi:n must not compromise volumetric requirements imposed by warhead

Table l“ol-B

ard electronics couponents. ')
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4.1.2 ELECTRONICS SECTION (Figure 4.1.2-1)

This section is actually an asgsembly of two sections; the Electronics

' Shell forward and the Motor Skirt Extension aft. The structural joint componente
are identified as follows:
1. Electronic Section Shell with an integrally machined fitting at

the forward end to accept payload sectlons by means of a quick

i - disconnect Joint.

ey R e

e

2. Motor Skirt Extension
3. Raceway Fairing and Umbilical Cover
y b.1.2.1 ELECTRONICS SECTION FORWARD JOINT (Figure L4.1.1-3)

The internally machined ring at the forwerd end of the Electronics
Section Shell is desipgned to mechanically interface with the Payload Section as
part of the Double Tapered Spline Joint described in paragraph 4.1.1l.3.
4.1.2.2 MOTOR SKIRT EXTENSION (Figure 4.1.2-2)

At the interface of the Electronics Shell forward and the Motor gkirt
Extension is located the Y.ec:rontic Support Fiizing (e Item o, ;. This

structural member provides a mounting surface for electronic equipment and 1s

USE FOR TYPEWRITTEN MATERIAL ONLY

machined as an integrel part of the environmental and umbilical systems. Its
circumferential {lange is {'itted with nut plates to permit attacnment of & con-
ventional bolted spline jcint. A similar Joint less the suppor. fitting provides

tne interface between the Molor Skirt Extension and the Propulsion Section.
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A. PART NAME/NUMEER 4 MATERTAL
. (1) Motor Case, Fwd Doume & Skirt Steel
N . 4335v
(2014004 ) Alr Melt

Vacuwn Degassed
Hit. 205-225kps

1 AL

5 }5/16 inch Bolts

et

Hit. 160-180ksi

BAC B30OELS5-16
(2 places)

_é:>Mbtor Skirt Extension Steel %
- 4330M !
(25428087) MIL~8-8699 !
: Hit. 160-180kai
\3 ‘Electronic Support Casting Aluni num
356-16
(25A28290) Q-A-601
L ;rlectronics Section 3hell Steel
- L330M
(25A28613) MIL-5-8699

BAC B3OELS-T
(27 places)

NAS 1504-4

/6 )1/4 inch Bolts \
. 43 places)

B. DESIGN CONSIDERATION

USE FOR TYPEWRITTEN MATERIAL ONLY

Critical condition 1s missile ejection which produces:
l. Ultimate bending load of 375,000 in b
2. Ultimate transverse shear load of 10,000 1b at 282°F

Shell temp.

.«

PR
Table 4.1-4
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Lel.3 Control Section

Thie section {aterfuces with ﬂhe Propulsion 8Sectisn forward and the

Tail Cone Section aft.

L.1.3.1  Aft Motor Case Assembly Joint (Fig., 4.1.3-1)

Tnis Joint provides the mechanical interfwce for attaching the Control
Section to the Propulszion Section. It consiate of & forged ring welded to the
aft end 57 the motor caaing. The Hydraulic Manifold {a mounted on the inaide of
the forged ring aft flange and the Control Saction Fairing is mounted on the
outzide of the same flange. In addition, the Nozzle Shell is maited to the Aft
M.tor Case Ring and mechanically held by a threaded retaining ring.

b.1.3.>  Norzle Closure (Fig, 4.1.3-2)

A nozzle closure in {included on the aft #nd of the no»zle shell which
s@als the motor to msintmiv the propellant in a controlled environment prior to
motor firing. The closure 13 designed to rupture cleanly vhen the mntor chamber
pressure rises to 175% 25 pal at first bulse ignition., 'The cloaure {s bonded o
the nozile shell with sn epoxy adhesive, The surface which forma: the outer
periphery of the nozile closure forms an interfuce with the Tontrol Heation Fuiring)

Lol,4 Tail Cone Section

The vlagle Joint of the Tail Cone Section provides the mechunical inter.

face with the Control Section.

SHEFT o,
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[RSTY ""”‘ B L] QEV ”R
Av Tart Name/Nunbor Materinl
\ \3 Rydmulie Manifold Fovrging Aluminum
» 6061~1%
QU=A-367
.‘) Miring Jhnll, Control 8eotion Aluminum
; ("SA0B0~110.11) 60610
‘ QQ=A=250/11
Ilt. -'P6
CE) /A" Beli 1> BAC3OFBU.T

(thea 1, @, & 5)

'\'«.} dtltcone Inmulation “'or)
f\l\ Ne,‘\t\ur Cund AfL Ring Steel
{(POAYHQOL) L3SV, Alr Melt

Vaguum Degansed
Riv, 20%5.005Kui

., &) Noucle ghell Same as (5)
' ?.) Motor Cave Retalning Ring 3nme as (5)

8 "' Ring Beal
A rd

R, Deaign Conaldarations

(To ve adlaed) :
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Tl ‘”’I”c COMPANY REV lTR
A. Part Name/Mumber Material
l. Noz:le Closure Steel
6061-T6
2. Aft Closure Shell Steel
4335v
Air Melt
Vacuum Degassed
Hit. 205-225Ksi
3. FEngine Exhaust Seal Silicone Rubber ‘
{26413578) BM3S 1-45 J
4, Tail Cone Attach Fitting Aluminun ;
(2SA1713z) QQ-A-250/4 &
5. Seal Retainer Ring Aluminun
(25A28080-104-11) 6061 -T4 ‘
Q4-A-2510/11 ;
6. Epoxy Adhesive ’

B. Design Considerations:
(To be added)

TABLE 4.1-0
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b.1.4.1 TAIL OONE SEPARATION JOINT (Figure 4.l.4-1)

The Tall Cone is an aerodymamic fulring attached to the aft ¢nd of the
AGM-GOYA missile to reduce drag force during external carry by the corrier airoraft.
The tall cone remnins attached to the issile until rocket motor ignition ocours
durring lounch. Motor irnition causes over-pressurization of the tail cone shell,
and at approximately 33 pounds per scuare inch (psi) internsl pressure. The Tail
Cone attachment bushing shear out, resulting in separation of the tail cone from
the missile.

Throuzh-drilled holes in each of three longitudinal depregsions in the
forward portion of the spun shell, provide access to tall cone fasteners at 00,

180 und 300 degrees azimuth, for the assembly/disassembly funcilon.

SHELT 4 o

L3 4007 1ada w8y, 8.1
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wrench Hole :

X—ﬁ Access

. Bushing sized to
shear out

Tail Cone
geparation

TAIL CONii SEPARATION JOINT

i S g Sy O e 2 L

Scale: None

For Desirn Conslderati ms and Muteriuls
Dute See Tuvle 4,1-7

USE FOR DRAWING AND HANDPRINTING — NO TYPEWRITTEN MATERIAL

. TAIL CON: SEDPARATION JOINT

o) Refcronite:  AGM=00A
Di: AGM CUL50=1, DRAGM 20148-1

Fiure 4.1.k=1
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A. PART NAME/NUMBER .. '  MATERTAL
- ]
Q) Doubler, Tall Core 20240
" (25A258288-101-11) QR-A-250/5
HCTQ ‘T6
2 Retainer, Tsil Cone 6061-0
(29A17190-101-11) QQ-A-250/11
(;2) Bushing, T«il Cone Attachment 6061~-T6
(29A17191-101-11) QR-A-250/11
{ 4) Plate, Filler, Teil Cone 6061-T6
~  (26A13529-101-11) QQ-A-250/11
H-T. "’16
(5) Ring, Tail Cone 2024-0
~¥ (25A28289-1C1-11) Qa-A-250/k
H.T. -T%
LG ) Tail Oone Attach Fitting 202L-18
- (25A17132) Qu-A-250 /4

(v

Attachment Screw (3 places)

MS 16998-28

(8 tut Plate BACNIOEN
. (9"‘) Shell, Tail Cone 6051-0
. ~  (25A28291-101-11) QG=A-250/11
1.7, =76

‘gmﬁ"

USE FOR TYPEWRITTEN MATERIAL ONLY

B. DESIGN CONSIDERATIONS:

Fairing to wvithstand local aercdynarric wltimate loads of 21.3 psi and

Tail Cone Jjeltison ultimate load of 4130 1bs.

- - —— —y

LY aF L) Tavd

LIS A

Table 4.1-7
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§,2 SELECTED SMALL MISSILE JOINTS

Small missile joint applications which differ from approaches used. for
AGM-69A afe presented in this section together with such design Aats as was
availahle.
b.z2.1 The Exos

A three stage sounding vehicle, the Exos started with the Honest John
for {ts Zirst stage. A ground-to-ground artillery rockét, Honest John yields very
high thrust for over four séconds. The second stage used a Nike hooster. Third
stage was provided ty a version of the Thiokol Recruit known as the Yardbird,
which had an acceleratio; cupability of approximately 80 g's., The Joint used
between the second and third stages serves both as an assembly and as a -“eparation
Joint.

The flared skirt on the forward stage and the coupling casting bolted to
the aft stage (refere=nce Fig. 4.2-1) are both threaded on the outside of the blast
disphvagm. Upon forward (third) stage ignition, the pressure of the exiting gas
bows the diaphragm so that the threads bocome disengated from the flared -hirt,
and 9 clean rapid sepw;ution NCCUrs.

This system is generally used tetween ztages whicn are fired in
sucression without a coast period, tc avoid large drag losses caused by the

rels tively large skirt diameter and the burned ocut preceding stage.
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Scale:  Nene

Roterunces: ;‘Jx(tr. Sounding Rorket, Gmull Soanding Rocket Syrpe {or,
XI™ Inwernstional Astronaatical Congress, Vol. II,
Stockrolm, 1w
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The Joins ds=lection Process

An example of the process wvhich pemmita selection of a candidate joint
for a particular application wvas the selection of the Double Tapsred Spline Joias
(Reference Fig. L.1.1-3) for the payload/electronie awctlon inteiface on AGM=t'M,
h,3.2 In the study showa by Figure b,3-1, nine candidate jolnt conaepir vere
compared ageinat 8 weighted list of design conaidermitions. The primary candidate
from this and similar studies was then comparsd i1 the trade atudy of Pigure kh,3.s,
vhich enabled the designer to determine which concept best suited his uwpplication.

Notice that the requirement (Refervnce lahle 4,l.3) that the Joint perett
exchange of the payload while the missile 13 inatailed in the carvier reck, had a
significant impact on the choice, since the spline jJoint required only limited

access to the missile body to permit the exchange function.
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b.b AN ORISINA! JOINT "ONCKIT

PRRCEN

This section presents a joint concept for a missile of epproximately 16
to 17 inches in diameter. Its primary purpose is -to provide attachment of a pay-
10ad.-ec£10n‘to the main body of the missile. Its capabilfity le intended to provide
the folloQing:~ .

I'. Transfer:

a. 270,000 in-it. ultimate bending load.
b, 10,000 1lb, ultimate transverse shear load.
c. 00 in-lb. ultimate torsion louad.

Tobirty minute assemtly/dieassembly of payload section while missile

>
P

is attac »' L0 carrier aircraft. ,
II!. Mini{mize asurface gape anc steps to satisfy radar cross section and

aerodynamic rejuirements,

IV. Maximum possible internal volume for warhead and electroanic equip-

ment ,
0

V. Satisfy I through IV at a dealgn tempevature of 270 F.

4, b1 DESCRIPTION

The Jjoint consists of a forward ring attached by rivets to the nose

section, and an aft ring similarly attachel to the main body shell. The aft ring
is asseumbled Inside the forward ring so that twelve tayonets on the aft ring pass
through twelve slots in the maln flange of the forward ring. (Reference Figure

L.L.i-1). Aas viewed from the rear, the aft ring is rotated clockwise through

approximately six degrees (6°). This draws the inclined bayonet surfaces of the

aft ring flange against matcbiﬁg surfaces on the forward ring flange, while
forcing the principal clrcumferential flanges of each to bear on on;)bther. While
thus held, the assembly is locked by installing a lock bolt through lugs, one on

each ring, which have been drawn together by the rotation. Access is provided
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Thla wection rresants a Joint oncept for a miseile of approximately 16

to 17 taches in diameter. lts primary parpone {s to provide attachaent ~f a pay-

the folloving:
I. Transfe;:
we 70,000 ineil. wltimate leniing load.
be 10,000 lb, ultimate tranaverse shear load.
co 0 fnalliy ultimata toraslon load.,
T, Thivey winute uuaﬂm!lyfdluaUﬁe%bly of payload section while missile
{8 wtras 't cuvrier wircratf't,
II1. Minimice uurfaeé gape and. ateps to satisfy radar cross section and
aerodynami> rvejulreuents,
IV. Maximun ponsible internal volume tror wurhead and electromic equip-

ment .
Q

V. OSatisfy 1l through IV at s desnign tempecvature of 270 F.
b DESCRIPTION

The Jjoint consists of a f9rwari ring attached by rivets to the nose
section, and an aft ring similarly attached to the main body shell. The aft ring
js assembled inside the forward ring so that twelve tayonets on the aft ring pass
through twelve slots in the maln flange of the forward ring. (Reference Pigure
Lob,i-l). as viewed from the rear, the aft ring is rotated clockwise through
approximately six degrges (60). This draws the inclined bayonet surfsces of the
aft ring flange against matchlﬁg surfaces on the forwvard ring flange, while
forcing the principal circumferential flanges of each to bear on one ‘other. While
thus held, the assermtly 1s locked by installing a lock bolt through lugs, one on

each ring, which have beep drawn together by the rotation. Access is provided
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NOTE: The purpose of these early and preliminary joint arrangements

is to provide examples for the trades exercise of this section.
Their principal value as desicn concepts is probably that they

! illustrate features most to be avoided in joint design considerations.
! (See text.)
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bebol  (Continued) \
by slots and holea in the respective rings whioh ure then covered by a single plate
vhich restores the external contour of the bhody ahall, Tapped surfaces on\oach
ring perait the angembly of w specinl tool (Refereace Pigure b.4,1.D) required to
adsemble or Aisavgendble the wections externully, The Joint ‘s fabricated from
4330 MOD steal, heat treated to 160,000 o 130,000 pat.

boligs EVALUATTON

The contept way submitied to Organization D-5460 for a prellminary

evaluation, the reusults of wnieh ave provided on the rollowing pug.
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W. R, Clark 2-5166 8K-51 ITEM NO

cC W. He Jacawsy 2-1630 82-26 DATE July 2, 1968
T. P. Rona 2‘1755 80-52 MODEL

GROUP INDEX Alir Carried Misailes « Structures

SUBJECT Structural Feasibility of Bayonet Missile Joint Concept
REFERENCRE: (a) 2-5167-0-201 Missile Joint Concept Compendium of Missile Joints

In a preliminary qualitative structural evaluation of the missile joint concept of
Ref. (a), the concept wvas found to be basically feasible from a structural poiant of
view,

In the analysis of a typical missile joint epplication, the maximum stress in the
Joint was found to in the order of 40% higher than the maximum stress in a normal
¢ylindrical section of the missile. Alsg a miesile with this joint compared to one
without has approximately a 20% decrease in bending frequency.

A recommended change in the joint from a structural point of view is the elimination
of all sharp corners to prevent local stress concentrations.

A more detailed stress analysis of this joint concept would depend on the apecifiec
configuration, weight distribution, and stiffnees of the missile in vhich the joint is
to be used. From this the mode shapes and frequencies could be found and, thus, the
effect of the joint on dynamic loads, control interaction, and terminal quidance
effectivenass could be determined.
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5.0 DEGIGN CONSIDERATIONS

There ure many desipn requiresents wna conniderations whicl must
be kept In mind when selenting u Juint desi;n ror wdusiles. These ure ueually
unigue for euch application but usually ™MIL {nto one or move of the fallowing
cutegories:

(1) Ordnuance Separat lan

() Receways

(2) Seulliyg Joints

(%) Ec<trare . Rejguirements

(3) (To be ddea Lt recessavy)

L

Each of these urews can be the subject o wi entire document by 1tselt.

WoAAT

Corsejuently, Lo atteapt 18 Leiny mude to tell . complete story, However,

certain peneral intormution is useful fr the aesi n encineer to consider

TYPT a®pT1:

wher mikine Lis selection and Justitying its reasibility.’

(9

g1 ORDNANCE SEPARATION

Sk FL

Information presented in this scetlon is lurpely Gerlved trom the

Boeiny Research document DI-l4k013-1, Crdnurce Comporents and Subsys tens,

Desi Guide. This uocument shoula ve rererred to Ior wdaitional aetuils or
pesign Lulae

expuneion.,

Selal TYPICAL ORDNANCE TRAIN
Figure 5.1.1.-1 shows schematically an ordnance train used to stuge
an expended booster and rerove the upper stuse booster skirt. (Refer also to

Figure 3-1). This figure ulso identifies some 0t the ordnaunce components ;

involved., They are discussed in Section H.1.2 and pictorially shown on

o Figure 5.1.1-2.
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This trein is u unique configuration for one application and is not
meant to be universal. It gives an idea of the influencing fuctors involved

in an ordnance separution Jjoint design.

The sejuence o7 events which take pluce in this partlcular design i
is as follows:

a. Electrical signal ac£ivates the Safe and Arm Device (1) which
ignites the detonators (Z).

b. The detonators (2) explode und ignite the linear éharge (7).

ce The linear charge (7) explodes and stages the lower stage booster
from the skirt,

d. A5 the lower stage pulls away, it pulls the lunjyuird on the Sufe
and Arm Deviea (4}, wrming ft.

e. 3ufe and arm device (4] ignites tne delay hoosters (6).

. After a gelay period, thea delay toosters (6) i{gnite the primary
booster {3).

g. booster {2) explodes and ignites the linear charges (7'.

YSE FOR TYPEWR!TTEN MATERAL ONLY

h. Tne linear charge (7) explodes thereby igniting the boosters (5).
i. The buosters (5) ignite the charge (7) which explodes and
breaxs the skirt into four panels which are elected by the force

of the explosion.
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5.1.2 - TYPICAL ORDNANCE COMPONENTS

5.2 Snfoty oad Aralng Dovies ' E

Dagerint Lo

A 4 e e e

The Saioty il Avoc o (0 G A) devisn s & meshaadam Wwhich controls the
makes and break of eoniinuity od clestrionl flrinr circuis onn the
mke vad breok ot wonctauity of the cuplosive Linin of o orinsace
suvayabemes One vaciution of this deseription 1o for ¢ siuillar device :
conLiinling 1o explogive or pyrotosinls Loberiul.  Such a desice hag e
‘ been Identisied ns Soate and Jumn :.w;tcn, AvmeDizarm Mochinalosm snd

. ’ Sulety Switch, all performing the e Tuaction of muke and bresk of
{ elecivicnl firing civcultu.

.".ypl fcation

The (A device is Incorporated into an ordnince subsystems waich, if
insdverteatly activited, would roswit in « catastrophic incident with
possibile loss of lifc and property. .
The rollowing represents o saupling of swosysters which normalldy do
oot require aa S&N device.

a. Dattery actlvibion

b. Carmriuge actucted devices (vrapiwd piston)

§
!
)
t

Ce axplosive valdves
de  Ludlosive cable cuivers

vt 2 8
Co  HLAG3IVe Witciles

5 Sy ae - e, - FAl . 4t T .. N ” . ”
Dol Laeerstenn. Lo ol redlorred ‘w Le TLrconnery or
TUIGENCE Ll0L 3TN S Gl LRe Ol nee Daiection in ‘
.

con v oL conuained waoa fonliviotad, (.; o) I'L I's £). Each pub-
SYJT o Ay vo evelweed Ladiv ww..‘jf Jor o8A rocuircemoni, aowever,
cince o Jredoack oo choda ronction frea oa activated seconLLs”y sube
system Cun lesd o o catuLtronale dncicent.

The aoplicetion ¢f on 8GN & vrice w0 an ordriace cuncysten chowld

Provice ror ne Ueh lastalisiion Cuto e nall orlacace charige or

praviGe Y00l lod enersy coloniting verd ecanceting link.  This will
PR, |

allow interruption of the (xD10siv: train witain the S&A and assist
in asintelning sysuem salely.

- In some casows, Where direct insumllation of the S&A or veanccuing
exnlosive 1ink 18 noce penuivla beca.u.,u ot space or ccati novation
resirdetions, 4t o oeralssiVic to use tn S8A devic. co.-mu:‘.n::.; a
firin: leac cutput connecior, ~oculel £8 clote to the oviaince as
Losilake.  In tals L\..liiu.u-.&tLC'l, thn oranance Initiatin: corpoieny,
’ (cquiL or detons.or) would be imstailed on the ordnance enarse asd
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Do Loltinwor baddeew g Medng caroult reulatuaou

o Lld'e XN (reuety or wawul saln) -
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The JSA WILL nob Be teated wa'ver Lateldativa and connnetion to the e

. advetrienl ayatrme  On Lhe Minntoww pBrogram hovaever, tha tiring oot

olrauiy Ju chocked afier anstadlotion vhlle the mlacide is in the
lawnohenr, with SM daviaess in the aaf'e ponltlon, 7This 1o ncocomilished |-
with & ol vroslutor aerons tha firlng leads within tha GUA dovices. 1 ¢

-
Tyt Bnd prmsnt, .
Blocteieal oguim it weed to test orluunce flring eircuits ohall be ‘
sursent Mimlisl Loona oulpat not to.oxeaoa L0 millirperes for one

powad I ords e avold dsraidngg the performuice of initiating

clomantae Auvonndle outell should be connldered {f test curront :
creogds L0 dllitiaporess  Jorawose dutall daformation sea S5.1.2.4 , § E
altiatore.

The JoA davice vy coutaia thae following salely featuros to proveat -
fnadvertent fiving:

. . .
o GBS i b

We  dreall eontiautty of ordanance Jiriag deads
be  breekt continuiiy ol ordiwace train (ordnance incorporated)

c. Prov.ue mechwiictd lock in snfe position

-l .

de Pruvide chuat tore.s oxlaance inltintor firing icads whea
1‘\ ‘oh\. .dlle "\)Mi’t.ﬁ.O- :

To assurs the mwiamws in Dersonacl safety, the Jollowing must be
cansidere. caring m..cm.w insvallation aid checkout of Sih devices:

a. Shop personnel fiianing wid familiarivation with the S
devices.

bs Proper usce of mrotective equlyment during ﬁmct.i.ona&. teot.

Ce P1 ohibit saling pin removel except dwring i\mctiorud test
in test srea and when ready to launch. ,
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Balacive relense nechindarn wllect veloage of alraet wead seetiona,
paieL, donrd, dova, i, l‘y x::plo..i‘\'\* O 2 utuaedtn fallure of Vo
Sovianinag hnedware.  Tne comean SO eraa hacdwaes used in c'-xniouivc
relewsew ara exploslve bolty, neparatios nuta (4:\ or Lilionive

ag ‘..u‘xtmd), Yiacay v*.mu.\ wad Linca shaped caw The deseriptlon
of cuch type ol celoeuge hardvare, und cosmon t.,_apl.zctstlon of eonch

L Whe ia soted belov.

&,  Iaplutive Wit
le Docopinilon
PISTERN nlor..wv bols v o apeeird ollow boli wiich 15 fractured
by an aternal exnloslve (“..'.u‘_.'_n. Thae explosive charge 18 :
nOv ALy O dgh orane detsnnilen taterial citlier permaently
. Lum.\d. auding sommactciwe o8 faserted luater ia the form of &
ooensbrddgee Yhere are ey didtovent eonfowrations of
v-.plo,ivu bolus, wwut ol wadeh have coauidesudle blast and
' : dragmentatlon wuen cetuiou, . A Tev mauluciicers ¢o stute
1hat Shedr eaplosive bolt will operate with no blagt or
IJragmentation.
Qe Lreldoneion
g, ————

Dolosdive LOLLG e Ged Lo VaLeine Learoon e shear loads.
! Lae aralocaidon to selowne bl togaaring slindtaneous
cotuwatlon ol oo Wheal Lowr selenee poiave i3 aot recommended
Lecause o4 relinbild oy ponaliien,

Deoioy for mx ol oiive OLL anyllivauicn shordd Lncdwde ovaluae
Lloa of dond raci.ag ve wol, b aad evvelope oW tie wolt,
wol@il and cnvelone off swracture wnd Joi slock cad blast
calects of whe parviawdar Lol baing considared. Lusign
for insundlecion of explosive curwridge afver volt instals
lation is complcote.

r s Y ey Ly e
3. :‘;-T).L\'\LL IV AT 28+

G deohaiwn wad Whitloy Inc.

L. llolex lac.

e Beledyne Ineo, MeCosaic Selph Divisica

de  Cururddre Acvuated Davices Iac.

¢  Preciolon Techaclozy Ine. 2

fo Ivroacls ALSDCiLX‘b 5 Cos, Fruncis Associcies Ordaznce Co. '
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doneX Cocpe

wuaatic Lalistelea, Polaec Division

SPte Ui Geaiems Ing.
Caes Docelaion fas
Aclind Col, Ardial Jo gponenis le. Division
aodesive Weclanlory Inc,
ALlos Choewledd lnduairies Inc., ordaaace Mitorial Dept,
n. Olin Mathiicson Chenmiecal Corpe, Wi nchca»ur-chtcru Livision
sabsvaten ,
Tor informntion on the firing system, sec 5.1.2,4, Initiators.
t Mothods

See 501 2 oh’ Initiators.

Poat boulpient

Sec S.le2.h , Znitlotors

PSR S
NERPA S

oealoa Tor dnsbuallaticn of explasive or pressure cartridge
acdter bule instadlatica. Foo lnitiator cufety, sec 5.1.2.b4
, initiators.

3 e v, Y T
Senaration ot

l. -‘)‘.—U"" l)b

e sonaration nut is o apesial nuh, desitned for instullation
in a nmuiner sindlor wo & regular nut du strucuural Joining
except taal 1v will celotoo dhe load whon wetustcd Ly an
‘"llOM_JU DOpAn CINeTRATOr Chiadgd.  fn the dreferied cone
mantion whie oxdLosive or gas jonesator charge is contauined
in o poperele 2ovocnent o be installed elter tnc assembly
Coperation Lo ocomlcto.

There wze severdt confimuations ol release nuts ranging
betueon the relense of gos and fractured ceciions of the nut
Lo those which release no gos or fractured sections vhen
actuateds Each type will perform & sstisfactory release.
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The rodeom and biiab L vaed wrldy Worelesse teaalon 1om.1.'_." ) o
Cloarinee halen de won atint Lolls are requlred to idlew | o
LEL S Pl w0t ol L o boae tad e acweneeds Ghiear losda )
muaglb Lo controlled by Lben ping o i lnY ehng.
hooe rolenas nubn vetiatod Ly erdor desohdtion will, o \
ot cused, 1 loewn o v.~;;»1.2)"-i'.'t- bl o L sy oumlim;. ' , ;
trew but are relovively feee oo hacedd feragrenlations Ia !
oar appllestion such @ duvice Lat beear englosed ta & light K
welphl contadner and quallficd for use in on exploslve atmose L
pheres  Rolotse nuts actutued by gas pressure will relcanu R !
vary little, it wy, ¢as uad vild) gencrate no shoek. e '
Relense nuts will nowmadly ve Lol rated in accordanco vith
At lond rating of the paling otondard bolt.
Reledse aub applicativn o roleuse tasks whi ch sequire sigul- -
taneous actuantion o rovre L, four pointy is not recommcndcd L
beeauue of reliavility Leauaties. SRS PN
Wy Wl T
LR ' A
3o flypicald. Sources ) R
- Y .
Qe Ui-Shew Coryp. S ¥ IR
3
. Y. Quantic Industiics, Pelmec Division SR
L2 ..\ * B |
¢. Holex Inc. ~?¥§“
. B. I. DuPont Sodemours & Co. RS B
e. Spoce Ordnaunce Systerns lac,
%+ Conax Corp.
g« Tho Boelag Coupoy .
h. Omege Precision Iuc. SR S
be Buhsrsiew
Yaor information concerning the firdng subsystcm.sce 5.1.2.h*,
lnltlatorg. £
5. Test thods i ;
Sec 5.1.2.4, Iniziators. ;

L : 6. Dest Eauipment . BRI

4

Heo ‘5,1,2,u,‘xn1tiat0rs. S o . l ' ':', :;H

N

LI
a2 -
-
®

- SHEET TF . S T S e
3 . . B o = T T . N ey
L US AL02 1434 010G, 483 - ‘ co
. "t v N - -{.“ . .
X . g .. L ¢ ¢
. . B - Te . ) cE
e h e o e o el SRS - X B Y - R * . « PR Lo, T RIS : .‘;', A Lot




, ‘#ﬁ%

LPEYEO ST oharany . ' ' - REV LR

e

: T NRJRABIP I LT

’

Coe

’(.

Lineor Chop o

._L\:ﬁ L

Mesign Por lastdlatlon of cartrlize after ol frnsuallation.
oo dnlidator salety nee 5,1,2.4 ’ nitiators. :

1.

~
“e

[
L]

Lincer churces ere rolatively 11 atly londod, coatinuous,
expioalve caargos onestod A netelle or plastic tucular cone
tadinord,  Tac Linees charse is elso hnowm as Nld Detonating
Fuge (Mh0'), Prima Cord, and Lew Lneryy Detonuting Cord (LEDCY,
Tae explosive spenlfind i‘o; 420t inotallations ls lewd or '
aluu.h.u‘n. cncased LU or PRl beewuse of hign reliadblility, |
loww cont, emberauae uolvﬂu.m.e, safety wid & hlgh detonation
velocdily vith ccsuLbau high encrgy shoalt wave rolvase.

e )

Appliaation
-A'm

. L] - vy .- 3 fod
Lincnr c.-‘plo.sn“ in venld Lo rupthure structurad dittings for

tlon Lfrow one po
XX exjpplosive hos been gqualisicd Tor use at altilules above
LOC,000 Jeet In x" ¢ omlovuonen stage separatton sysiteam. There
nas beea noe worlt O c, novevoer, Lo verifly periorwaice of any
lincar cuplosive aloer loar uxpu.,ur\ , Lup Lo one yeer), to
space environmonts. Toao waplledtion of willosives ©o any
tasiy, whille exposedl to crycgeuic tengerature, oy couge
extrone perflormunce variation, sec reference d.

.

yplenl Uources

oe  Lae DnsipneBicaford Co.
L. ixplosive Teclnolory Inc.

¢o Be. T. DuPont ouienourc Co.

Linenr oxglosive oopllicetion Lo suchr tacis ws sidge geptaration
or giuwl clection muast be properiy M.c,'.*g_;rau,ni with siruciure.
and surrownding equipaent., Conoldnr such parianeters a3 shock,
frarmentation, explosive blast and the ejection of ceparated
scetions. -

[

caention of miss ";.f: Lectlons :.;;d Jor prepasiation of delonae
oLt el aagllor aan e L)lok,*.r.- subsyaten. A
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Toaw foldowlne o o Tir. o e welnsvien Jur delorainies an
Japlocive lowadns recuima Lo Suhlaee w I'-‘;.mng\: Seodype. joint,.
s eguatoon conining bhves potential voariatles; ornlosive
guanviiy, cavity sivce 2ol JLLing streagthe e Yindd sizing
ou explosive lend and suru.tarel comneloility e only be

detornined by dovelopoeat Lreoeing,

oPw (i) (2.39)
v

where © P = Pressure to rupiure explosive cevity (PSI)

Heat of explosion (H, of RDX = 1280 Cul/mm)

rv)

Saplosive veisht per foot of Joint (grains)

Volwae of cxplo;;ivc cavity (cubic inches per
oot of Joint)

Converoion cnnstlus

fhe Linear cuece Moy bu Liotadled lnvo o llindtowss gyne Joint
after complovion OF sunuevure oo Lroura Lec 5o panels.
Core muss e exercicon Lo &voil i chaars vends anl corners in the
Losive dusuvallovaen sesien b id difvicult instele
Jation procolures wo o« .:1;‘.:.—... “oocrmwdolive aandiinzg vhich couwld

result In kinks or otlor riysicol atnng: to tie explosive.

Tae Linecar charge is dovonteos by & dotonuter most ideddly
4

loccted o fire inco vhe cang of the expiosive core of the
CaGIpe.

v\ - DR RS
et Tl
RICRE S AR

The only tesiint nogosible o Ziac avre ls z-ray inspection
o cwvlesive core sane, ;J‘J«.,r:'.to;.,- woue of core loading and
o exriosive outpub Lesi. Mo Lolooacwey wad outpul test are
voth destructive In navice ane will waive oniy oo indicevion
oL the e.ipidsive loadlq; oL‘ '.,‘.:’- sriple, ualdosuaty of expio-
aive lowding cwn ve verliict ly 'u;; destrmiciion wad nrosures
et of the totul Ienil. I\-: ay o Gooard bay iaspection of
linear charse oasll So aceowaplisied culy by authorized
operatorss ia an approvea locavicr. The inspeciion will verify
contimiity o4 the cxpiosive cuvily, the proescase of explosive
can not be verificd. '
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T teray and louvorntory Lest will norw.lly be ac :om').l.,.um.d oy
the lineor chorre wonadoetd

an ace.

The sauze Lest may Lo

TLAICs test, u-;uxg a m_Lc lengtin of lincar charze from

"wachond of a produciicn length.
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REFERENCLE
£-0 COo DRAW'.\G a&=0H=27
£~-B. CO. SPECIFICATION T-W7-C0
CONSTRUCTICN
SHEATH 6% ANTIMONAL LEAD (20.5% Sb)
CORE ROX (MiL-R=305) 25 GR/AT 0%
GROSS WT 20.2 GM/FT; 44.0*/100QFT

AVAILABILITY: MANUFACTURED IN 40 FT. LENGTHS AND SHIPPED IN STRAIGHT'
LENGTHS OF UP TO 20 FT.

DIMENSIONS

A 0.007° MINIMUM

8  0.148*° £0.003"

c  0.95" £0.006°

0 0.069° *0007°
J )\_‘ ‘ : . T 00i2° MINIMUM
F . .

F 0.054" REFERENCE
-L—L o 92.5° t3°
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e boon t m' L na conananing expdaaive or pyrotumnte cuaniment of T B
podnrete soasiilvity, whilch de vied da the caplocive or pyrotachnie’ RS SR
tratn Lo sten=up the encesy outpué of the primay material to indtiete " |
the comparatively jusensitive main chrge. e booster may e in the )
form ol pressed pellets or in uhaped conlodners ap required by a v o) o

particular system, sce page 83 lor adﬂitionai extaDlo.

Anplication

Boosbers will be-upplled to the initiation tradn of cxplesive components -
to step-up the detonation rotve and encrgy release of the inltiating' or

douier conpuncent.to o level required to detonate the bage ch&rge or

roceliver component of &l cxplasive truin, : e
Boosters vy also be wpplicd o the fnitiatlon tralin of a as genexrator

or so0lld provcllant notor Lo step-up the release of hot pases and .
Luraing parilcles dnto the main chowge for more rapid build up of main . o
CHArZEe gas precsura. . ' N

-

: In Loth of the above systeoms, 'L‘nc boogter muy be ilancorporaied oaly :
. . to redauce the itotal guantity of suxsl‘c.x.ve , primary cxplosive In the
’ initiation conponenis. {
o~ . "’ . Y
In Lho developnent o new oPLosive &r 7uau goneriioing cystems, 1t is :
> 2 :
ovan posaslile $o use an oil=the-shell bovwsver in the dnltlosting - e
Yroin.  This mast be done, however, with [uwll cogperatcion of the | - BV
Loostor muiuloeturer since an incorrect solection cowld coupromise - .
systen periforaance.
Typicel Sov
Qe e Loodwlcut Dellcuours & Co.
b. Hercules Powder Co.
¢, Universsl Matceh Co.
d., Jet Regcarch Center Inc,
;'y‘lv,‘:‘,:;*,v':;tr::“. .
o . . . . . . ’l 4
iacorporating a booster invo a subsystem requlises that it be sensitive
cuciagh to be initicted by the ialtiator or domcer and provide the
scorect oudput for inibticting the sent step ol the inltlating irain. ,
There 1s no flra ground le for wpplying a booster to an initiction ;
P toaln, 1t Is dependent on Lhoe espliozive or propcllmt meterlial aad ‘
% confisuration. Bach subsystenm requiresxnt will be determined during -
A R develonient .
" .
proey T
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1. Hi-Ohene Corp.
g Lpecteld Devices Ine.
ke EBExplosive fechnoloxy Ine.
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m. Porecigion Technology inc,
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Pe Atlantic Research Corp., U. 8. Flare Uiv.
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Thae firing of detonating or deflagrating
in

.
[$Ey

a leayord or gus triggosed Jiriag pin, .
SYsterse
because of reduced censitivity to e

tin same basic subcysiom. lnchaniecsl or electrical”

applicd; the mechanicol ceonrcach u‘a,ﬂ 1zine

O’umr noplications w
2LV ircanentad c:u.mdit ilons,

initiatorec ooy Lo uccomplished
initiation may
o percussioa primer with
13 uced rwstly on ¢row cuselpre
Will wost often use elestrical mu,htion
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e bebonlly Slred tuiriecoms ave aarns Ly dncoapaetod Dnto o ouve
e L0 Ol enaet Wl ool Lo ey Lo achleved.s Tae
P @Y s ot a acdodea raed sonees s 08 power, duedl wwitehing,
Jual W g ahd i el rede Wbl veidnew leen miy he dae
corporabesd A Wwo bedd pade t e one dadtieiee o0 tvo, dingle Uridgoes
wire failiceotd. O ovie cnse of two sdnsle veddpevive fratintory,
citlier dnttinLor rich be eogsable of peciorming cie econplele Dunetion,

e SoLLavine qata venrcaeats conventionndl dndtintor clectricad
chrnvaeboriseles consildored 1o by neewpbuble by mosb custom:r wienaids,
(see referpace e and f ). ‘hose chncccturdoiics will ascure o redgohe
able wovel of safehy and rellubilily. TYor iafermation on procedures
o statisticad analysis of perfomaviace parancters of inltlators,

sce Referonce c.

a. The initiator ehnll aob Tire, ror shall performonce be degraded,
Ly the application off 1 amperc/l waitt power to the bridgewire
clrcult for & miaules.

b, The inidtiator chudl not Jire when rn glectro-gtotic discharge of
©£5,000 volts i moplied Loebvecn Lho Lridiowire cireults aand the
initlutor casce from a 00 micro-microfarau capacivor.

c. 'The resictwice betwoen tac bridoewive elrcuit cad case sholl be
50 magor.s rocsima when neasucred with o poventiad of 1000 volis ac
or 500 voltls de.

de  Unimun recownended firir curseat shadl ve 5 owmperos.

e, Initinter wime Lo Jire .nanll be cpeelilied in accorimnce with
systen roquircacats, (common fiae to fire: - for dutonators, less
thaa 5 mildiscconds; Jor sas pgeneretor time to pressure rise less
han 20 milliscconds). ' ‘

TP, Indtiator fiviag syctens shnll be Tl fleating (2 wire) systems,

{chesis roturn paths ohull not be uscd).

Initlators shown 65 «=xaaplos vuich o nod meet thesc regquirenents ore
sresentad as envelope stusples oaly, perroruace can be varicd to meet:

roquirenanis.

Por compleie doballs of Lotk conveatlondl and explodiang bridgewire
(BIM) tiring systems, cec helurenace B

Test Methods .

p
The Snitiators shadl Le tested for bridjewire resistance prior to
making final connccvion to the firing system. Thae test shall be
accomplished with the inftleior issuelled in a protective chioamber 1o
prevens o catestrophic redciion or injuwry to perscmiel in case of

FaR

incdvertent {iring.
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' a. A vroteceive chnntier Lo contvrol Lhe effocts of inadvertent Initiae e
. tion, A
be A resistance rabter with u poser scuanly shorbk. circuit ou.tPut of leos J~_ "
than 100 6llldawans rod r test st direet output ol less than 10 . -'QZ‘;AQ. ,
willianpercs,  Cortilicat.on Tor nse on ordnance comnonentia will | N
, . be required. (See Joeing feter 108 0‘141& or eyuivalent.) SR
¢, A lovw unmudunce ACD2 voltsoe moloer evvable off deteeiing wnd T
indlcaviny volunove within e cquivalend rone of 5 1o 150 nillie ‘ v
arps within oho hoegaency rante o] O Lo 15 nigoeelas, A gross A
: T I3 'y EERRY S '
indicatlon (eireuls brewses, 1104, ete.) of volisge avove this .
’ . . .
Jevel 15 voeuonnerded.,  (Guee Dociny voter 10-209)L and Loeiny
» ‘ LRI T
Yichita neter M 310139, or e.uivele: .t. )
- Lufevy
a. Henalinr, testins and draowallavion Ju.:, Lo necornlistaed in accorde
ance with referance b w.l aiy srecil’ic procedures recuired for
Lie particular systea, .
Ve A protectlive chuarmber will be oo during eleobrienl vesting,
c. TUriaprwire rveslorince weomirerent, exeeplt B dnittctors, will be
accomyrlished oLy \'i';.L eurout LR hedd Lbenb o eantpe st apnroved : o
For W on orriagnes eoapans i, ('J‘.":r_- orld vawrire regisvonee
MRESALETUNL LY Lob Ge podsiole on DLoinitinvor clreulits,) :
do She clectricn Cirin: Lrsds will e checked o verddy tiat no
exlraneous voluare is poaseint, 1ewor o cowectind o nitiauors.
' g, S chorting plu il e cuedle s o ALl Infoineor SIetn s lend
conrocetors, o Ulodny beew wives will ce risted woseu.er on
ititiitors nov cguioped wil «,‘n cosrieuors, at all tluec duriag
shivping, sturese und iustudlavion. (404 initiators do not
require o shortiag plud.)
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5.2 JOINT TRADES EXERCISE

Frequently the designer is faced with the selection of a joint ‘concept
from a number of available alternatives. The use of a manufacturing approach to
maXe the decision is demonstrated by the following example which uses case seg-
m;nted Joint concepts developed in the Minuteman Program.

5.l MANUFACTURING CONSIDERATIONS

The six Joints shown on Figure %.2.1-]1 have been evaluated on the basls
of producibility in terms of fabrication time and the relative importance of the
two. All Joints are considered to be interchangeable and ultimately producible.,
5.2.1.1  SUMMARY

Of the Jjoint concepts conseidered, the taper pin and clevis joint has
been selected as being the most desirable in terms of procibility. The jJoint
requires more installation effort than some of the others, however, the findings
indicated that initial fabrication time far outweighed field assembly time for the
progran concept of which this study was a part.

The primary advantage of the taper pin and clevis Jjoint design concept
is that it somewhai relieves the requirement for close hole alignment that most
other designs require. This, of course, reduces part fabrication.

Sefs1.2 DESCRIFTION
5.2.1.,2.1 STRAIGHT PIN JOINT

Joint Concept No. 1, the clevis and straight shear pin, would require
both the highest fabrication time and the highest assembly time of all~the Joints
examined. The reasons for this are the extraordinary dimensional tolerances that
wvould have to be maintained in making the rings, and the level of uiignment
precision required in the jolning operation. The Jjoint is unlike the present
Minuteman Joint in that the fasteners carry the compfeasion load. This requires

that there be a cloae (Class I) fit between pin and matching holes. The Jjoint is
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NOTE: The purpose of these early and preliminary joint arrangements
is to provide examples for the trades exercise of this section.
Their principal value as desicn concepts is probably that they
2 i(lslusf:ofe' f)ea.“ures most to be avolded in joint design considerations.
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5.2.1.2.1 (Continued)

similar in concept to the type of shear Joint used for Bomarc, but Bomarc bhad a
3 foot diameter where this design is for a 10 foot diameter. Of even greater
significance is the method of assembly. Where Bomarc joints were eslaublodlonly
with the aid of elaborate holding fixtures and the most careful attention, it
would be necessary to assembly the joint here considered with a minimum of mecha=
nical aids and in a suspended mode.

To insures success of assembly, the dimensional accuracy of the related
parts must be near perfect. Normal tolerances for master tool comstruction, hole
coordination, axial .alignment and closeness of fit between pin and holes must be
abandoned in favor ;f super precisior work. Increasing accuracy requirements from
thousandths of an inch to ten-thousandths of an inch would have a marked affect on
fabrication costs.
5.2.1.2.2 TAPER PIN JOINT

Although at first appearance this design coucept appears to be about
equal in complexity to the etraiéht pin concept, in reality they represent opposite
ends of the producibility spectrum in terms of fabrication costs. Although there
remains some question as to whether or not the taper pin design here conaidered
can be made interchangeable, it was assumed that a satisfactory design can be
achieved. Such a design would provide for a positive fit, with no allowance,
while at the same time the individual part tolerance could be relatively large.
It 1s this less precise dimensional control that brings the cost of fabrication
down, and the positive seating of one joint ring on the other (as on present
Minuteman) that reduces the assembly time.
5.2.1.2.3 TAPER PIN, THREADED

The threaded pin concept is more expensive to fabricate than the simple

taper pin, because of the threads, tops and the need for a separate tapered inssrt.

]
¥
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542.342,3 (Continued_
Threaded par'te are, of course, more sudbjeut Vo damage than moat other hiande of
fasteners and the inserts would have tu be replaced L(f the \hremis vere L0 b
demaged.

Assenmdbly time for the threaded taper pin ia greater shan Shas for the
siwple tapered pin bdeaaune a wore precise alignweatr relationship must de achieved ‘
prior to pin ineertion, Oa the other hand, dlsaseembly should require less Vime
because the pine can bLe extracved direvtly. The alsple taper pins way have %0 de
freed by a puller device. PFilnally, the effectsivencis of a tapered threaded bols
particularly in vibratioa, is highly questionable,
5.3.2.84 TAPER PIN (GLARY CASK)

4

ﬁ Tbere vould be & slight fnorease in fabrication costa for \his design
é over a slmilar joint Lype in a steel nase, The dirference would be due to a

§ requirement for apecial drilling proeedures uaing high apred, dlamond ispregnated
% cutting toolw, wnd an expected higher frequency Of part rejection. Assesbly time
g should be {dentioal with that required tor the uteel case applivation,

g $.2.1.2,5 LOCKSTRIP JOINT

The locketrip deaign {s moderately more expensive o produce thea the

taper pin. Although, like the taper pin design, it can be produced using norwal

fabrication tolerances, it has more surfuces and more cumplicated surface relation-
ships that neceasitate the higher fadbrication costa. Because of its aelf-sligaing
characteristics, it requires the least assembly time of al)l the designs conatdered,
If the frequency of assendbly and disasasmbly vere to Le relatively high, the locke

strip would be a good design choice. The application beimg considared here,

however, would probably not varrant ites selecvtion,
5¢741,2.6 LOCKSTRIP (GLASS CASR)
As can readily be seen from the dravings, the additional complexity

associated with attaching metal rings to fiderglass case structure would subsgtan-
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B RO (Continued)
Mally contrtbhute Lo Lhe cont of Lhia denign concept. The assembly time would, of
voutee, be the same as Lthat for the vther locketrip jJolat.
HETARY KB ANAL Y.
Aei ol il RETATIVE PRODUCIRILITY

The uxr;vm tavtory sanhours avnocliated with the uoctual Tabrication of
the varloun Joint ring derign funcepts Ltend %0 vary over a rather wide range: From
IHO manhoars to A% manhourss ‘Mia 1 u retio of 2,0% hatween the costs of the
BORL expenulve dwaign and the leaat expensive, Tooling costn were not included
bevaune of the uncertainty of amortiration tactors, but it they had been considered,
the apread voald e sven greatsr, The design concept conridered tc have the
Righeut fabrication coats would alen reguire the most expensive tuoling. A more
detalled explanation of thene atatements appears later,

REJATIVE FRODUCIRILITY OF RNGINE CASE
GEOGMENTING JOINT CQUNCEPTS

Joint Type Parts Fabrication *Relative
katimated Manhours Producibuility
1o Stralght PMn ¥ 2.65
Vo Taper Pin 340 1.00
3+ Taper Pin, Threaded 500 1.47
L. ‘Taper Fin (Jlas: Caye) 40 1.18
Y. locketrip 380 1.12
6. Lockstrip (Jdlass Case) 700 2,06

FIGURE S) «2el=C

* Based on the eatablishwment of 1,00 for baseline and assigning
this value to the leuse expensive design.
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5¢¢41+3.2 RELATIVE ASSEMBLY EASE

The manhours assoclated with assembly and disassembly functions, althoumﬂﬁ

much smaller in magnitude, vary over a range almost as great as that required for
part fnbricatipn. Here the ratio i{s 1 : 2.26 between the least and the most time
consuping concepts. This could be of real significance if assembly and disassembly
became a frequent occurrence, and in any case ie important from the standpoint of

possibly prolonging the field assembly operation.

RELATIVE ASSEMBLY EASE ASSOCIATED WITH
ENGINE CASE SEGMENTING JOINT CCNCEPTS

Joint Type Estimgsted Manhours *Relative

_ Assembly Dis-Agssembly Assembly Ease §
l. Stralght Pin TS 7.0 2.26 %
2. Taper Pin 4.0 6.0 1.56 3;
\ 3. Taper Pin Threaded 6.7 L.7 1.78 %'
4., Taper Pin (Glass Case) L.0 6.0 1.56 E
5. Lockstrip 3.0 3.4 1.00 §
6. Lockstrip (Glass Case) 3.0 3.4 1.00 :

FIGURE 5.”.,1-3

* Based on the estatlishment of 1,00 for baseline, and assigning
this value to the design requiring the least assembly and dis-
assembly time.

542.1.3.3 CONCLUSIONS
It can be seen from Figure 5.°.1-2 that the taper pin Joint concept

is the easlest to fabricate, and from Figure 5.2,1-3 that the lockstrip joint

S, o

concept is the eamiest to assemble. The lockstrip is somewhat more costly to

e
:
- .

fabricate than the taper pin concept, while the latter is about 1 1/2 times more

time consuming to assemble.
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£.2.1.3.3 (Continued)

There are no doubt peveral criteria by which the relative importance of
these different manufacturing operations might be measured. Ian the absence of
specific direction in this matter, however, cost was assumed to be the primary

factor. On the basis of cost above, it would be necessary to perform the assembly

and disassembly operation 12 times before installation costs would exceed initial
fabrication costs. Sincé the operational concept being considered calls for only
8 removals per wing per year after initial emplacement, it would be about 10 years
before ussembly costs associated with joint design equaled the initial coont of

Joint fabrication.

PRSI

e e i AR L it

e gy

11

TR 1478 ORIG, 465




RN

USE FOR TYPEWRITTEN MATERIAL ONLY

v SVVMINGD crmanv REV LIR

5.3 SEALING JOINTS

| When Joints must act us efriclent scals us well us structural
mewbars, certuln penerul pructices mist he tollowed. The followiny Ls a
"eheck Unet" which the engineer can use In his dealyn development.. It does

not aover metal neuls.

(u) Seulin, materiul should never "work" from the louds pussing

through the Juint.

(b) Sheur lm‘da cux‘rl‘d b» the Joint shoula bypana the seal 1y
ponaille. '

(¢) The seal ;ta sul.jected to the sune thermal, chemicul, und
pressure environment as the reswu of the Jolnt, It must Le

uegined ror such,

(d) Avoiu thin, navrow ppsieus. Their relinbllivy is poor.

Relinbility (s sensitive to presa:ve yveauirer tu uohicve seul which
) ! 1

s proportional to ,nuket ures, It 18 1189 jroportional to the wiath o

the gere [or any aeleriul, the only alrterence beins u vertical shift., Figure

5.0=2 locientes the relative differences belween wnny witerials.

thickness rutilo us shown in Figure %.3-1, This ({sure shovs the minumum eeuling
e &

stress requires for i cork und rabber wasket materiil. The curve ls essuntiully

SHEET 94

US 4802 1434 REV. 6.6

- e e < i b Attt S b
— e —— o e —— - - -

e S, e = e o

ity b A

. e ot
I




MINIMUM \ ESENTATIVE NONMETALIC GASKETS
EHTIET R P PO N RN EESHETIRR BN

1200 1700 2000
FLANGE PRESUJRE  (pol)

FTGURE

-
-
[%2]
(<5

~

STRESS

72
=4

MINIMM SFALIN

¢ 8 10
WIDTH/TRICKNESS RATIO (W'T)

FIGURE 7.3-2

SHERT 93




>
-~
z
©
-
o
@
w
-
«
X
z
w
[
=
[+ 4
F
i
a
>
-
o
o
U
w
v
2

. ‘NUMBER  D2-125611-1
Y.Nl ’a’,”c COMBPANY REV LTR

6.0 JOINT DESIGNS POR LARGE, SEGMENTED, FILAMENT WOUND MOTOR CASES

Because their potential is so grent; such emphasis 13 currently being
placed on developing large segmented rocket motor casea. To realize weight un@
cost savings from the use‘of fiberglass in such applications, a lightweight
reliable mechanical joint is required. However, the low dbearing and shear streagth
of resin laminates force the engineer to'develcp unique jJoint designs encompassing

metal to fiberglaas or even fiberglass to fiberglass laminates, capable of develop-

ing the full strength of the basic fiberglass structure.

6.1 MOTORCASE CONCEPTS CONSIDERED

6.1.1 In this section, Joint designs are considered for the two promising
concepts for segmenting tilament wound rocket motor cases, {1listrated in

Figure 6.1.1-1. These are (a) the circumferentially segmented case (or segmented
concept), and (b) the longitudinally segmented case (or modular concept). The
segmented concept conslsts of a forward closure, aft closure, and cylindrical
center segments connected by lightweight pinned joints. The modular concept is an
assembly of several modules, composed of filaments oriented on meridicnal lines,
that form portions of the forward and aft closures and are mechanically fastened
to the forward and aft polar rings. The ocuter cylinder is ofﬁprefab}icated hoop
rings or circumferential windings.

6.1.2 SEGMERTED CASE LIGHTWEIGHT JOINT

6.1.2.1 Since mechanically fastened joints are necessarily thicker than the casé,
they offer greater restraint to radial growth than does the case. If the joints
are reinforced with steel, ti~ differential growth is further exaggerated by the

6 psi for glass va 30 x 106 psi for steel).

contrast in elastic moduli (10.5 x 10
To minimize the contrast, use was made of the anhility of the filaments to orient
themselves. If the Joint is located at the tangent point of the clusure and the

cylinder, the -I~:ne contour and its filament path can be readily calculated to
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6.1.2.1  (Cont'd)

obtain the radial growth required to eliminate diascontinuity forces. The case

growth can Le made to colncide with the Joinu growth by using the criticel angle
principle; that ias, as thu wrapping angle exceeds 5u 3/4 degrees, the ratio of
hoop strain w helical strain decreases.

Because rocket motor performance requirements for most applications,
dictate juint locations und winding parameters, the joint concept developed was
danigned to provide the seame radiul restraint as the case. Trade studies indicated
the clevia type Joint of Figure 6.1.2-) to be the most efficient concept. The
clevis Joint is composed of thin, high strength steel shims, laminated between the

hulical layers of the case with the hoop windings wound outside the joint region.

ST 4

1
-

It showld be ucted that the hoop and helicual windings ure interspersed in the case

%
% and that the hoop layers terminate at the start of the shima, The interspersion
) ? of hoop and helical windings requires un external skirt attachment. A design
g analysis of the joint is provided in the Reference (w.) document.(See 6.3).
Y |u.die.e SKIRT ATTACHMENT JOINT
o

LT F

t.l.2.0010 Bxperience has indicated that under the influence of high longitudinal
struin i» the case and compressive suralan in the skirt, a pure resin bond between
akirt and case {s unsautistactory, or at best unreliable. To circumvent this
problem, a concept was developed which uses u layer of elastomeric material between
skirt and case to reduce sheur stresses and improve reliability. This Juint is
shown schematically in Figure 0.1.2-2. A free body representation ot the effect
of both Jkirt Compression and Cuse Urowth on the Jolnt is shown on Figure 6.1.2-3.
An analysis of such a Joint together with a discussion of its fabrication problems

{8 fucluded in Reference (a.).
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6.1.3 MODULAR MOTOR CASE CONCEPT

6.1.3.1 The tvo basic elomenta of the mudular concept are the wodule and the
hoop ring. Tho.nodulou are preformed and precured vith all fivera oriented in She
longitudinal direction, exthnding beyvnd the tangeut lines W form vither or both
domes. The domes described by the modules consist of only longitudinal ribers,
hence, their contours must describe u "no hoop load dome" whioh ls discussed in
greater detail in the "Dome Analysis" section of Referance (w.) . The otirousmfe.
rential strength of the cylindrical section is aupplicd by houvp rings whioh ure
fitted over the assumbled modules. Thene hoop rings wlao conslut uf prevured and
preformed unidirectionml .lbara,

6.1,3.1.1 MODULE JOINT (TYPE A)

The tension load in the module is tranaferred by shear {,to ateel foil
which is integrally wrapped with the module. 'The foil in turn cavriva the load
into a bolted Jolat connccting the sdapter ring (Refervence Figure ©.1.3«<1), The
analysis ls buasically similar to that presented r'or the segmented joint referenced
in 6.1.2.1,
6.1.3.1.2 MODULE JOINT (TYPE B)

This light welght clevia Jolnt providea a unique dealgn whioh eliminates
vending and assures strain compatibility at the polus ring eyual tu that carried
by the outer plate.
6.1.3.1.3 FABRICATION PRORLEMS

Stesl sheets designed to carry bearing loads iun the Joint areas are
laminated between the glass. Any necessary reinforcement or filler cloths are
added in conjunction with the steel laminuates. When loading permits, the skirtas
are wrapped as an integral part of a hoop ring instead of using the clastomerie
bond discussed in 6.1.2.2.1 (Reference Figure 6.1.3-3)., The following requirements

demand extreme care in laminating the ateel with the module!
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6.1.3.1.3 (Cont'a)
A. Positive positioning and holding of the foil from winéing
through cure.
B. A smooth transition into the Jjoint maintained to preveat

bridging or winding material.

that steps are taken to minimize the difference.
D. The foil shall be cleaned and primed in order to provide a

bond cepable ot carrying large shear loads.

C. Provisions to guarantee that during the cure cycle, the greater

coefficient of thermal expansion of the foil is recognized and
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6.2 RFCENT STATE OF THE ART DEVELOPMENTS IN 'THE SHTM JOTINT CONCERT
Building on earlicr teclinolopy, the bBendix Corp. conducted a study,
the results of which are presented tn chis section, 1t ls conslidered tvpical of
{
simflar eiforts conducted by other sources and represents an advaace In the state
of the art of Shim Joint Concept development. The information source is ldenti-
fied by reference b.  together with related refercnces a., and oo through
) §
i. of paragraph 6.3.
6H.2.1 ABSTRACT
This paper describes a shim joint concept that was developed Lo
improve the etficiency of jolnts tor attaching to composite material structural '
members.  The shim joint concept reiunforces the composite material in the reglon f
B of the joint with thin metallic layers which permits emploving a conventional 5
shear pin joint boetween the composite members and a mating itting, Desipn :
parameters are defined and design data are established.  lmproved methods tor 3
i fabricating the reinforced tube ends and improved testing tixtures are developed. 3
> An advancel coptimization technique has been applicd to the desipn vl the shin
. .
o joints. it is shown that design parameters can be optimized conventently by the
’ structural synthesis approach in determing the wiaimum weiglt contiguration. The
results indicate that the shim joint concept can be successfully applied to
corposite members without probibitive attachment weight penalties.
6.2,1.1 INTRODUCTTON
It has been determined that structural tubes tabricated or composite
waterials would be lighter than tubes made from morc conventional materials such
as stecl, aiuminum, or titanium alloys. tHowever, cven though structural muembers
can be madce lighter with composite materials than with the more common wetal
alloys, the weight of reinlorcing composite tube ends and joining them to end
- ] titting will impose penaltics. As a result, the significant weight saving
potential of composite materials may tend to be ottset somewhat by the welght
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penaltion faposed by Joindng the tuben to ond thttinge, The dontygn of offtelont,
Lightwe fght Joluts betwoon composite tubon and end fittinge (w, theretore, a
nwcossary element In the development ot compontle straetural componenis and required
rormulat fon ot destgn cviterta ang aaadva s technloques, !

The developrent of Joints o compodite material structural members

han boen studted exteanivels by oo number of investigators,  Mest of the previous !
' |
efforta have bheoon contined to oltoer tonded or wechanical joints,  Yowaever, bath
o there Joitnt types rogsess boheront Himdtat fons, f
Thts paper deseribes a shibw joint convept which consitderably redures

these Timitattons and fmproves the oftdicieney of the jJoints,  ihe hasic geometry k
. of the shim Joint ts presenteg o Fhgare o 000-100 The shitn layers are of unitorm ;
: A
Fd 1
” thichkoness and constant leapth o the tongitudinal divection,  The composite tube !
! end Is separated into sgeveral lavers and bonded to the shim lavers by an adhesive, :
L3 i
. ‘ 5
b A single vivewnterential row ol conventlonal shear pins s used to transier loads §
< &
v rrom the composite tubey through the shitm lavers, to the mating part. !
A .
W . -
S Mfost of the fntormat ion prescentad thereartoer retors to fiber glass
¥ . '
I composite tubes subjected to tensile load. Howvever, thuls shall not be inter-
e

proted as the Limjtation ot the shin joiut concept,

the composite material usad to establtish desipgn data consisted ot
AF-00G plass tllanent aud shell Chemical company's 38-08R resin system. The
shim material wis AMs355 steel (ultimate teasile strength 2ol ksi).
Ouda L2 ANALYS Iy IF ATTACHMENT ARLA

Analysis of the contfiguration in ifaure 6.2.1~] fesulted in an

extensive List of poteutial design parameters.  Most ol the geometric variables

are detined tn Filgure ©.2.10 1. A complete isting of geometry variables is

presuented below.

a = distance from pin row centerline to tube end

s D) = outside (iuside) tube diameter
% .
-
nu‘(“ij) = outside (inside) tube diameter in attachment area
J
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D (D, ) = outside (inside) pin diameter
k op - ip
L = distance from pin row centerline to back edge ol shims
Li = total length of reintforced attachment area (I.q + Lt)
Lr = length of reinforcing ring
Lq = Jongitudinal length of metallic shim laver (v + a)
Lt = wall thickness transition zone
NC = number of filament layers in tube wall that do not extend
into rhe attaclment area
Np = pnumber of pins along the tube circumference
Nq = numbey of metallic shim lavers
ta = thickness of the adhesive laver joining the metallic shim
>
-
z . .
o ‘ to the composite material
1
¥ tc = thickness of composite lavers which do not extend between
N .
- shims
B L{ = thickness of composite lavers between shims
:
> tr = maximum thickness of the transition length circumferential
a
b reinforecing rings
=
" t, = thickness ot metallic sbiim layers
Vo= circumferential distance between pin centerlines
And th: material weight densities are denoted in the design procedure
as follows:
w = density of the composite material
g density of the adhesive material
e T density of the filler material
“p = density ot the pin material
i 7 density ot the metallic shim material
Mechanical fasteners in shir reinforced composite materials produce
- .
: much the same fallure wmode as In metals. The tollowing anaiysis considers tuose
-
potential failure modes resulting from axial tension loads on the jolnt. Net
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arca tensile fallure, pin hole bearing failure, hoop tension tailure, shear bearing

tear-out failure, and pin shear vallure can all bLe produced by variation of design

parameters.  lailure can also occur due to excessive shear in the bend joint
between the shim and the composite material, or by delamination of the fibrous
layers in the tube wall thickness transition length.
6.2.1.2.1 NET AREA TUENSION

Jotnt failure may occur in tension along the pin row centerline if
the net tension arca becomes sutficiently small. 7The ultimate strength of the
net teasion area depcndg on the ductility of the metallic shim material when a
Jow clastic modulus composite s used. The composite material in the net tension
arca can support hiph stress if the shim can be strained sufficiently. VYor this
reason, the combincd steel and composite areas were utilized in calculating the

net tension arva stress.

D -~ D
= (W - D 0 i - ou6n + N ¢ \ 9
At ¢ op) 006 4Slg (1)

S

where W =1 ./Np. The ultimate tension load is given by:

s

0 j

) = N K » 2
Iult \pktuAthu ()

where Ktu is the ultimate tensile efficiency factor and Ftu is the ultimate

tensile strength of the mutal.

The allowable tensile stress is a function of the Uop/w ratio as In
lug strength stadv.,  tlat plate tests were conducted to determine tensile allow-
ables and results are presented in Paragraph 6.2.1.3 ot this paper

6.2.1.2.2 IIN HOLE BEARING

Test results have indicated tnat bwearing failure of shim reintforced

composites normally occurs as a result of sirin buckling. bBuckling strongth is a

function of individual shin thickness, t , and the unsupported metal span leagth,
s

SHEFT {27

LR ABOT T4 “EN, gk

A N 2

SR s tomsiocs




v MVDEING -

T R

INIEL A Y

NUMBER D2-125911 =1
REV LIR

b . The hearing

op
a function or the

tenslon load are:

Abr

Pult

allowables are prescnted in Paragraph 6.2.1.3 of this paper as

ratio b /r .
op' s

t D
s s op

=N KbrAbr}tu

factor .

The allowable pin bearing area and the ultimate

where Kbr is the bearing efficinecy

Since the failurv mode 1s actually one of stability, the degree of

restraint due to c¢lamping must also be considered in establishing allowables

for this failure mode. & joint which is tightly clamped bv a threaded nut on the

pin will produce much higplher bearing stresses than an identical joint which is

not clamped or restrained. Clamping of the flat plate tests were adjusted to

duplicate that expchbd in the composite tube attachnent.

6.2.1.2.3 HOOP

tuabe end. Por un
epoxy systen
material was
estahlishient o
for at

allowvables

nember asis. e

is guite

not considered to i

TENSION

Hoop tension can ocour when the pin row is placed too clo o

idirectional composite plies,
low in the trapsverse directions,
vitiective
allowables. rtuarther testing would be
tachments waicn

allowable is detines in

the tensile strength ot

reguircd to
incorporate plies oriented at

terms ol the sl

to the
the glass

therefore, the cioaposite

in transmitting hoop stress during the

establish
an angle to the

vimomaterial ultinate

tensile strength an’ is a function of the a/l . ratio. The hoop teasion area
o
is given by the Jcllowia, cxpression:
[0y
\ - . ();)
it Whe Tt — o)
‘)
2 /
g
The wltimote Joad tor tic joint is
P = N ECA (v)
ult p ht ' ht' tu ‘
Sl el
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whivr: A tn toe aoop tension vificicney tactor, turther explained in Paragraph

bt
bodu g,
U I SHEAR BTARING

‘ast experience with tug design would indicate that shear bearing
fallure could also occur if the piu rowv is placed too close to the end. There
wery no clearly detined occurrences of shear bearing failure during the flat plate
Ltest serles of this study. 1t has been suggested that the tubular members may
bo more susceptible tosshear bearing failures since the tubular geometry possesses
move lateral cvonstraints than the tlat plate specimens. Only tubular test data
can ascertain tnds fact,

O.d 10200 BOND

To design a bonded shinm Joint for ultimate loading, it was necessary
te use average shear strencth allowvables from flat plate tests. The shim area
which was consldered to be effective in bond is shown in Figure 6.2.1-2 to be a
functlon of both a and . An eftective bond length ?e, was defined by dividing

the shaded hond arva by the width, W.

) :

5
W (L +a) =N (ab + = D°
op (/)

2
P, p op 8

Q@

W

The nltimate load for a shim joint is given by

&

= IN A F (8)
8 S 8

ult
viere A o= ¢ W, aad 0 is the allovable shear siress, dedined in terms of the
N 8 s .

effective bond length Eu.

6.2.01.2.F WALL THICKNESS TRANSITION ZONE

From a welght standpoint, it is desirable to make the transition

length ds short as possible. As the transition length becomes shorter, however,

the radlal force component which tends to separate the tibrous layers (delaminate)

at the base of the transition 1éngth becomes greater. These radial forces create
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n
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! the extertor laver, Hoth xP‘) and Vo valuesd may be eatabliahed through
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I R T I PIN SHEAR

{
The pian are loaded 1n fouble shear and the doerign roquires alnply
*
" that the crems-qec tional area pe larpe cioupn 1o chsure Lat the ahear sLress

f Jors noet excedd the ultimate shear streaptn of the material, i hellow plns dre
" ured, the ratio JIP;U“P must Lo low oot to o casure that the plas will aot crush

or buesdey e witimate Joad tor the planed Joint as poverced by pin shear {8
afven Iy

XY

(o)

\ =

alt ""p“pl‘sn
whiere AP s the pin avea, aund Fnu the ultimate shearing stroneth of the pin
naterial,
LIRS R PLAT PLATE TESTS ,
The flat plate test specimen (Figure 6.2.1-4) was developed to
enable fnexpensive deteemination ot ultimate strength design allowvables for the

various tallure modes fu a shim Joint. The prescuce of free edges on the sides

of the tlat plate configuration prevents exact simulation of the tubular joint,
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A sem Seagen s

sub Bt e v L te be adequats ot vt bdd ok e
Phe tlar plate spechivcn necd e thils stady In best describwd by

Floure do20 =000 Five 0000 Tach atecl whibs Tavers were used o cach ot the

[lat plate speciments, but tue other materials ware jncluded tn varying quantities
to produce tatinee moder which were of interest. The composite material was

componed of 65 percent glass, by volume, and 39 percent resin. The W dimension

was fixed at 1.0 dnehy  Also tests conducted during this study have included only
longltudinal fibers betweon the shilns, burther testing will be requived to deter-
mine desdign allowables for shilm Jolnts {n laminates having vibers orlented at an

angle to the loading direction.

g The specimenas were loaded by a plo through the shim joint and by a
1]
3 triction grip on the opposite end.  The shim pack was c¢lamped lightly during the
[ I%)
+
_ 8 test to simulate the clamping action expected from a metal fitting mating with
3 { .
“ - the reintorced tube end.  The specimens wore loaded to rupture to obtailn
:
a ultimate strength Jdesipn allovables.
S 6 201,501 NET APEN TENSTON
u
i b
Y The net area tension data is shown in Figure 6.c¢.1-3, ‘The calculated ;
stress values were divided by the ultinate tensile strength obf tie shim materlal E
to form the net tension efliciency tactor, Ktu‘ A mean allovaole curve is shown
superirposced on the test Jdata.  The mean allowable s defined in terms of
0] p/w by the expression:
Q
Lo 9.3, 11
l(tu ‘7 33 (1D
143.75 - 100 b /W
op |
which was used in the net tension area failure envelope in the design.
Data points denoted as ''lower bound' values arise from tests in
{j» which failure occurred either in a diflferent mode, or In a combination of modes
which included the one of interest.
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6.20008.2 FIN BREARINS

Figure ©.2,1-6 shoews the tlat plate pin bearing strength data plotted
versus the HUP/LS ratlo,  the buarving ultimate =tress values have been divided
Ly the ultimate tensile strength of the siifm material to tform the pin bearing
cificiency factor, Kbr' The curve was derived emperically and is detrined by
Kpp = 300 - 1208 (12)

lUT‘UOP/LS
Fquation 12 was used as the pin bearing failure envelope in the optimum design
procedurc.

Pin bearing failure is of special intercst becausce it is more ductile
than other failure modes. When structural members are fabricated from brittle
materials such as fiber glass, it may be desirable to design the assembly such
that initial failure occurs in the attachment by pin bearing to avoid catastrophic
faflure of the assembly.
0.2.1.3.2 HOOP TENSION

the hoop tension test results are plotted in Figure 6,2.1-7 as a
function of the a/D0 ratio. Again a4 mean allowable curve has been derived to

fit the test data. The mean allowable curve is obtained by

3.173 (13)

© a/l o+ 0.65
op

K,
nt

which was used as the hoop tension Yailure envelope in the desiygn procedure.

6.2.1.3%.4 BON!

The effective length of bond for flat plates, ie, was defined in

terms of both "£'" and "a" by
. 4
L =L+ ad  =n ,
. (¢ + a) a op g op (14)

Figure 6.2,1-8 stows the testi data pletted versus the effective
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3 | langth, The solid line curve roprescata the bond stvength of the Alf=11 (WM ‘
Corporation) adhesive tape, and thoa dashed line curve shows the bond atrength ]
For the BR=1009-49 tack primer (Amerlcean Cyanlmid Corporatlion). Ao algebrale .
equation was durived to 1it the AF=111 shear stroengths The curve is dufined hy
fow 20 (%)
20 + 1.95
where fS is the average adhesive shear stress,
The AF-111 adhesive tilm produces thicker adhesive layer than the
BR-1009-49 tack primer. It can be shown (Retercnce b, pp. 10-12, pp. 75-87) that
thicker adhesive laycir does reduce the shear stress concentration factor,
- 6.2.1.3.5 TRANSTTION ZONE
b
;. Two flat plate speciments were tabricated without Lhe excess trans-
.‘: verse fiber glass layer Ito study the delamination [failure mode in the thickness
{ ; transition zone. The specimens did fail by delamination as expected, and the
| E data were used to establish allowable stress level in the circumferential,
:;: reinfor.cing ring, design procedure.
:': b.2.1.4 OPTIMUM DESIGN
i A feasible design is one that behaves satisfactorily under the
' specified conditions. 1In general, it is possible to find more than one feasible
shir joint design for a given composite tube., If one of the design features is
taken as the design objective, it is possible to (ind a feasible design which is
most favorable as judged by the design objective. In the present study, weight
was c‘}.loscn as the design objective.
6.2.1.4,1 DESIGN CONSTRAIN.S
A shim joint ls considered teasible if it satisfies the following
design constraints:
("- 1. DNet section tension:
SHEFT 118
: US 4R02 1434 “ZV , 08D
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OBJECTIVE FUNCTTON
7o write the oblective tunctivn,
ir terms ol the deslun variables:

1. Fiber glass composite:

ult

the weight of each
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(e

(N

(18)
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(20)

(:1)

Joint component
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2. Shim

Na n N“L‘

Jo Glrae weap rlag:

)
) " " o
“r . En\!\\) + Dl) Lr Lan ::]U

A Fller

i ! 3 b
+ JU) :\“LE(L' + 2 "a)“t‘

(20)

whero ip ig the pin length required outsiue shim pack to connect the mating
I ntare,

Ag & structural memier, the total lougth of the composite tube is .
Fixeds A Incrvase in the jeint Jensth naturally cduses a decrease in the uniform
saction portion of the composite tube. Consequently, the increase of weight due
to longer Jolint length Is partlally compensated by a shorter basic tube sectilon.
Since the joint lJenyth is a design parameter, the total joint welght does not
retlect the additonal weight superimposed to the tube,

For this reason the shim joint objective function is defined as:

W =V + W +W +W.+U
o fg 8 t i p

2 2
n -
- Z'(Dn Di )L (27)

1¥¢g

which 1s the weiglit added to the structural member by the attachment.
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x ; 01403 OPTLMUM DESTON

Now the dosipgn problem may be stated ant  to find the minlwm of
vquation 27 subjected to thue condition of wquationn lv through 2L, There are »
number of divectly applicablu mathwenatical methods tor the solution of thia
type problenm. Thao method suvlectod {n Lthis study was the stvepest descont, 'The
net attachment welpht wae takon asn the objoctive tunctlon and the econditions

Cuquations 16 to 21 were treatod as constraints, ‘Then the ovbjective function waa

mintnizod undor the constraints,

ihe method usod is a descent routine, Starting wich an {njcial
golution, stups arve taken towards new pointa at which the value of the objective
function 18 tmproved. The jtevation process coutinues until a minimum [8 reached.

.

£l .

k3 (Refuerence b, p. Y3)

rf The proeedure degeribod above hax been programmed in Fortran IV to

R :

&l

E form a basic optimization routine. The routine haw been succexsfully used for
. ;
(, v numerous destgn problems,  When applied to the desipn of ahim joints, the lnput

W

3 ] conststs o

&

= Lo sunmber ot desiygn parameter, number of coustraiuts,

:;‘)

b 2. Llimit ot interative eycles.

i

3. Initial step lenpth,
4.  Tolerance range for cach constraint.
5. Applied load,
6. ‘Tube peomctry.
7. ‘lechanical properties of materials.
8. Design constraints.
9. Initial design parameters,
10. Qptimal information.
If allowable stress is expressed as a function of design parameters,
it is convenient to incorporate allowable stress expressions in the pregram.

\u The program output consists of:

1. Design parameter.
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2. Information concerning any violation of constratints,

Yo Directlon of movoment, ‘

4. Weight of each ahim joint component.

5. Value of the objective function,

The program wus executed on an 1BM 360/44 computer. Artificilal
consteainta may ho addod te improve convergenee, For oxample, the minimum
practical values of a, cﬂ and tr may be treated as artificlal constraints., For
six dosign varisbles and eleven constraints (including artificial constraints
fnq convenienue) the average running time was {ive te six minutes. It was observed
th;t usually atter twenty=-five fterations the variation of objective function was
in the urder of one thousandth of a pound. 1L was also obsecrved that different
sets of reasonable (nitilal conditjons all lead to practically identical objective
funerion and Jdesign parameters.  Yor all practical purpose the objective function
obtained In twentv-five iterations may be taken as the minimum and the corres-
ponding design pa;amutcrs the optimum design.,
6.2.1.4.4 EXAMPLE

The optimization procedure was used to design the tubular joint for
the final structural test of this program. The desipgn allowable expressions
obtained from the flat plate data were used in the constraint equations 16 through

21, The design was performed with the [ollowing parameters fixed:

D = 3,0 In. D, = 2,928 In.
o i
= g = 2. ' .
Doj 3.095 In. Dij 833 In
D /D, = 0.4
. op 1ip
v = 260 ksi F = 110 ksi
tu Su
t = 0.009 in. t = 0,000 In.
a c
3
w = 0.074 Lb./In.
w, = 0.283 Lb./In'J s 7 0.040 Lb./Iu.j
SHEET .4
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Fult = 150 k

With exception of Np (number of éins), the remaining design parameters were

allowed to vary in the optimization routine.

The routine does not handle discrete variables and it was impractical
to treat Np as a continuous, variable. To determine the optimum number cf pins,
the number of Np was varied in consecutive runs having otherwise identical input.

The resulting joint designs are shown in Table 1. The table includes both, a)

the weight added to the bhasic tube by the reinforcement and pins(objective funcfion%
and b) the total welight of the joint section. tThe pins were considered to be
hollow and made from 180 ksi ultimate tensile strength steel.

The objective.fuuction is plotted as a function of Np in Figure
6.2.1-9. As the plot indicates, the eleven pin confipuration is clearly the
optimum one for the specified problem,
6.2.1.4.5 EFFICLENCY OF THE SHIM JOINT CONCEPT

A compurison can be made by studying a composite tubé having shim
joints with tubes of other materials designed to meet'the same loading requirement,
In Figure 6.2.1-10 the weights of constant strength tubes have been plotted

versus tube length., The metal tubes are assumed to have identical strength in

tension and compression. Two curves are shown to reflect the different tensile

and compressive strengths of 3;00:1,90O fiber glass. Thin wall buckling and

column buckling are not considered. The fiber glass tube weights include 0.7

pound to reflect the weight added to both ends of the tube by the minimum weight

eleven pin attachment of the previous section,

Examination of Figurce 6.2.1-10 reveals that for desiygn governed by
tensile strength, {iber plass tubes are more efficlent than aluminum for tube
length of 5.0 inches or larger and lighter than steel or titanium for tube lengths

exceeding 7.5 inches. If compressive strength governs the tube desizn, fiber
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glass is more efficient than aluminum for lengths greater than 6.5 fnéhes, and
lighter than steel or titanium tube lengths exceeding 12.0 inches.

-6.2.1.5 MATFERIALS AND FABRICATION —~
Materials
The filament composite materials employed in this study consisted

of AF-Y94 glass filaments and Shell Cnemical Company's 58-68R resin system.

The metal shim was made of AM-335 steel coil, eight inches wide,
0.02 inch thick, and of continuous length. The shim cieaning procedure employed
was originally developed and reported in Reference e.

The bond between the corrosion resistant steel shims and the filament

composite material was provided by a structural adhesive., Two tvpes of adhesives

ONLY

were evaluated. The first was BK-1009-49 tack primer as supplied by the American

Cyanimid Corporation, and the second was AF~111 str ctural adhesive fiber furnished

N MATERIAL

P

by the 3 Corporation. BR-1009-49 tack primer was utilized during the early phase
of the program. A primer coating of uniform thichness of approximately 0.005 inch

was obtained, and was oven cured for 60 minutes at 315°F. AF-111 structural film

was utflized during the lLater phase of the program. The adhesive film was applied

to thie steel shim and stored at 40°F until rcédy for use.

USE FOR TYPEWRITT

Holes were drilled through the tiber-resin-shim-composite to permit

insertion of shear pins. Carbide-tipped or full carbide drills were used. Holes
larger than 0.250 incii dilameter can be drilled in successive steps of approxirately
0.37% inch diameter increase pur step.
6.2,1.5.1 ILAT PLATE SPECIMENS

The flat plate filameut composite specimens utilized in this program
were specially wound on a winding machine. The test spetineng were wound over

twelve~inchh by two-inceh aluminum maudrels.
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Guide blocks were provided on one end of the mandrels to facilitate

locating the metal shims as they were wound into the ends of the specimens. Two
specimens were wound simultaneously by utilizing both sides of the mandrel. The

Iy wrapped mandrels were then cured for four hours at 350°F. The specimens were

removed from the mandrel by cutting the glass composite along the edges with a high

speed cutting disk. The sides and ends were trimmed with a hand saw and flat plate
disk sander.

6.2.1.5.¢ TUBLS

Open end cylinders were fabricated two at a time by winding a double

length cvlinder and then cutting it into two cylinders. The cyvlinders were wound

over mandrels machined from salt block which was later removed by dissolving in hot

1

water. Thin corrosion resistant ‘steel shims, in che form of narrow circumferential

O

bands, were wound into the cylinders on each side of the planned cut which would

separate the two cylinders. Subsequent to removal of the salt mandrel, a circum-

TEN M WAL

ferential row of holes was drilled through the wall of cach cylinder in the shim

area for later insertion of shear pins.

b.2.1.¢6 STRUCTURAL TEST

TYpPowR:T

6.2.1.,6.1 TEST F1IXTURES

Lltinate strength testing of the final tubular joint design required

GSF Ere

the fabricatiou of two separate test {ixtures., One fixture is a :levis-type

whicl. mates with the reinforced attachnent area of tie tube to form the pin joint.
The Vixture was fabricated in two pieces to avoid the expensive machining which
would be required by a monolithic assembly. The two pleces were held tightly

topether by a nut during drilling of the pin hnles. 7The nut was used to insure that

equal loads would be applied to the pins on the inside and outside diameter of the

tube,

The second test fixture (leference b, pp 97-100) held the opposite ;

( end of the tubular specimen which was reinforced only by four additional layers of

filament material., The fixture emploved a frictien gripping technique, A schematic

SHEE! 19D
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of the fixture is shown in Figure 6.2.1-11,

6.2.1.6.2 TENSION TEST OF TUBULAR JOINT

A 3.0 inch outside diameter tube was fabricated with steel reinforcedend to tesg
the shim joint concept in a full scale struc?ural member. The test specimen was
designed to fali in the attachment area since the program is oriented to refine-
ment of shim Joint desipn technology. The basic tube was Eabricafcd with a 5,0°:
1,90° wrap pattern to a wall thickness of 0,072 inches. The ultimate tensile load
for the tube was found to be 150 kips (Reference c, pp 2-19). The specimen was
loaded in an 0lsen Machine to an ultimate tension load of 135.%5 kips. TIracture
océurred‘in the outer fiber glass layer at the edge of the outside shim, It is

felt that both the test {ixtures and the shim joint did perform well.
62014603 COMPRISSION TEST OF TUBULAR JOINT

The tension clevis fixture and the jacket of the friction grip fixture

{wvas used to conduct the compression test. A cerrobend plug was.cast to reinforce

the inside diameter of the nonreinforced tube end. The test specimen was identical |
to the tension specimen. The ultlmate compressive load for the tube was fouhd
to be about 51.0 kips. The attachment area suffered no discernible damage.

6.2.1.7 CONCLUSTONS

The following conclusions may be made:

1. Design parameters can be optimized conveniently by the structural
synthesis approach in determining the minimum weight configuration,

2. The shim joint concept can be successfully applied to composite
members without prohibifivo attachment welght penalties.
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O JOINT CONSIDERATIONS FOR ASDUCED SCALE MODEIL VEEICLES B

7.1 Tie usa of soale model replicas for vehiale structural dynamics studies

oan provide the designer with valuable inforwation on proposed denigns early in .
their developmant cysls, ‘ly their use, strugtural rodifiontions and payload .
shanges oan be 3/sluated without expanalive full-scale Juno4euotion and testing,
particularly for the lurge, complex vehlcla. ‘ ‘..

Th's Seation dircusses the 1/10 sosle structursl replicw of the Mono/ 1 ii
Satuzn V and is inteuded to provide lesigners with oome inoight to the depr;ﬂll.l “

which oan dictate daviastions from teuo replicw reproduction in the area of nissile

Jolnts.,

The da2lsion Lo provide a acaled-down replios of the protutype Jotn\;:

or to sigulate it Ly its dynamic snd danpening equivalent is dintated by the
following congilderations: '
&. Present fabricution practices and limitations.
b, Access vejuiremeiis ualque to the model.
c. Assembly problema creatad Ly the size rqduction,

d. Regquirement for equivalent Jyuamic propertias.,

USE FOR TYPEWRITTEN MATERIAL ONLY

e, Fabricution properties of alternative alloys.

f. 3iza of sculed=down fastener components.

g. FEconomic altsrnatives of slmulation vs scals duplication of the
Joint,

7.1.,1 . Structural Joints

7.1.2 The joint illustyation in Tiguse 7.l.2-1 is typical of a design vari-
ation reguired to permit assembly of the structural components. This joint depicts
the S-IV-B eft-bulkhead-common-bulkhead Joint. In full sosle (Figure T.18-1a),
the fabrication is by rivets and wells. Toe 1/10 scale model permits the final

(” closure to be nffested externally. The btulkhead structure near the Joint was

. SHELT 1 %4
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" of saalant compownd upplicd at the intersaction of the common bulkhnnd and ‘the

USE FOR TYPEWRITTEN MATERIAL ONLY

T.1.2 (Continued)
loeally modified by adding = relatively heavy adapter ring to which the bulkhead

wvas riveted. This fing was then Solted to the skin ft 'm the outside and a blad

LHQ tank wall The resultant joint uherefore, ig not a tvue represontation of
the full-scale component. '

Tole3 An indication of the degree to which the prototype 1is duplicatod is
indlcated by examination of the Jointe of Flgure 7 1.3, ? The 1ocation of the
Joints detailed in this Figure s shown on Flgure 7.1.3-1 by the lettered circles
on the left sile of the model irawlng. The Joints of Figure 7.l.3-2 carry corre-
sponding letter identltications.

T+1l3.1  Figwe T.1.3-2a is the Junction of the S5-IC fual tank and the intertank
section. The fusl-tank upper bulkhead, the fuel tank wall, and the intertank '
section are joined by a Y-ring assembly. There axists a deviation from replica
seallng in that one leg of the Y-ring is attached by & bolted flange to allow
access to the Invertank interior areas. The iutertank y=-ring connection is an
unusuwal Joint, made necesgsary by the complex corrugabei intertank skin, and con-
slats ou éhanneled strips attached alteruately to the inside and gutside surfaces
of the Y-ring leg Trom the corrugated intertank suriace.

A similar Join% {(Figure 7.1l.3=7b) is usel at the intersection of the
lower LOX tauk-bulkhead-LOX-tauk-wall and intertank strusture, This joint, however
is closed by a weld rather than by the bolted flange connection. At the Jjunction
of the s-ic 1OX tank upper oulkhead and tanikewsli- forwvard=-skirt interface showm
in Figure T.le3-2¢, abvariation was utilized in “he moisl structure, In order
to complete the final weld in the Joint, the Y-ring was fabricated in two pleces
and the shorter 163 wvas spotweldad to the locally thickened forwardeskirt akin,

The closure was then effected by an external weld. The resultant hardware has the
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7.12.3.1°  (Continued) ‘
'sgme basic dimensional properties as would have resulheﬁ from direct géometrie'
scﬂlingo |

7.1;3-2 The model Joints shown Iln Figures 7.1.3-2d4 and T.l.3-2e are sealed»duﬁ-
licates of prototype Jolints with the exception that the numbér of fastenexrs uged
in the model is less than the number required onthe prototype. The fasteners

howsver, are slzed eo that the total fastener ares was a scaled guantity. The

appIication of replica scaling to the Joint of 7.1.3-24 was judged to be the
most expedlent approach since aonsideravle engineering time would have Lesn re-

quired to properly design a more easily manufactured comnection with'comparable

dynamic ﬁroperties. Turthar, the scaling laws applicable to a joint of this type
are not sufficiently defined to permit evaluastion of any alternate deaign, parti-
cularly the effect of the pinned-truss ring frame braces. |

T.1.3-3 The remaining structural Joints of Flgures 7.1.2-2h through 7.1l.3-2L

are essentlally scaled duplicates of the full-scale structure except for deviations
in ring-frame and bulkhead construction dictatel uy fabrlication tiue and cost
consilderations. The alternatlive deazign approach permitted‘the ugse of manufacturing'A

procaiures which produced geometrically similar structural components with fewer

and less intricate machine processes, The resultant gtructures have the same
structural dynamlc properties as the more complex exact minit.urizations of the
full scale structure.

Te2 . Fabrication 2roblems

Te241 Other fabrication problews, not classified as design deviations, include
machining processes, metal forwing procedures, mechine and chemical milling

tolerances, fasﬁening methods, and welding techniques.  Not only cen the solution

of these problems dictate the degree to which a given lawnch vehicle can bhe repro-

duced to a specified reduced scale, hut they also can ve significant factors in
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T.21 (Continued)
ditablishing the economic teasibility of a cquiring a dynamic model such as th@_
1/10 scale Apollo/Saturn V. If the resulting fabrication limitations are practi-
cal, it may be possible to duplicate the full-scale structure at s predeﬁeriined ;,
‘reduced size at less cost than would be needed to simulate the structure by du;ﬁ;f
Pploying corresponding expensive engineering time. | | «

A factor found to be beneficial for fabricating the model Joints incluaed»‘
methods employed to make the required assembly attachments. The full-scale
Joints were fabricated with appropfiate weldments, bolts, nuts and rivets.

Obviously the componercs of the smaller model must be assembled by other methods

‘becauae of the 1mpracticapility of ﬁhe reduced scale attgchment hardwvare. There
must be a compromise both in type and the number of simulated fasteners. Alio,v é
it 1s generally accepted that whenever an effort is made to approximate the . *
structural dynamic properties of a complex structure, the detail deslgn of the
Joints and attachment hardware should be conservative with a resulting excess-

ively stiff component since any effort to scale directly the sirze and number of

USE FOR TYPEWRITTEN MATERIAL ONLY

~ bolts and rivets would be impractical both from a manufacturing and assembly

viewpoint.,

In addition, although it i3 true that thewe can be some conservative dis-

tortion of the Joint stiffness properties, there can be little hope of achieving

any degree of success in reproducing desired damping characteristics when rivets
and bolts are replaced by spot welds. Generally, bolted joints can be repre-

sented by using convienient, commercially available fasteners, such as 0-80

screvs, a lesser number of fasteners being used, the number of which is determined
from the correctly scaled fastener area. This design approximates the proper

stiffness and damping.
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T.3 gonvlusivne
7.5.1 Replion woaling of the main load carrying structural Joints, which

tugether with other structurel components, necessitated an extension of the
astate=of'=tha-art in fabrioation teochniques, wis employed and resulted in a model
vhioh duplicates the full-scale structure to a high degree. Extreme full scale
deaign details, such as joint reproduction, vere duplicated in the fadrication
of the 1/.10 soale model.

A carefu! analysis of the prototype structural details was required
t0 ascertain the practical and economic feasidbility of dupllcating component
hardvare to the choaen acale ractor. Where model Jjoint design dictated sizes
00 amall to be duplicated, an acceptable design required that only the correct
mass and stiffrness distributlons Le retained in the model. Some Joints could
not be adequately def'ined by the most rigorous present-day dimensional analysis
and therefore were built as scaled duplicates of the full scale members. If
the Jolnts were of secondary importance from a dynamic viewpoint, they vere a

scaled replica because they required less expenditure of effort with duplicate

USE FOR TYFPESITTEN MATE QUL DMLY

fabrication than with dynamic aimulation. All substitutions were carefully
considered, however, lest their inclusion degrade the usefulness of the total
structure through either introduction of misleading response data or the
suppression of critical responses.

With proper care in the selection of the scale factor and methods of
manufacture and with Judicious evaluation of deviations from direct scaled dup-
lication, the replica models are considered technically and economically feasible
for atudies of ehe structural dynamic characteristics of large complex vehicles.

An in-depth description of the project is avallable in Reference .l!;.:

from whlch the information presented herein was loriv.d,
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o 8.0 DOCUMENT OPTION FOR FUTURE WORK
8. Originally planned as & one year affort, the joiat study vas reduced by

six months due to bedgetery and maapower requirements. While it is recognised
that a great deal wore information might de included in this document, it is felt
that {a ity present form it provides a useful tool to the designer faced with the
problen of missile or space vehicle Jo}nt deerign.

Should a decision be forecoming to continue the effort, the immediate

direction teken will be to investigate raceway and other non-structural joints.
Follow-on effort will be a report on the latest state-of-the-.art in joint design
concepts, missile carrier interface Joints, Joint fastener hardvare, plumbing and
electrical joint interfacec and recemt adveances in materials and process techanology

as applied to migsile joints.
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